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“Tell them the truth, and they will think for a day. Teach them how to reason, and they 
will remember for a lifetime.” 
Phil Plait 
 
“The measure of our compassion lies not in our service of those on the margin, but 
only in our willingness to see ourselves in kinship with them. We have to brace ourselves 
because people will accuse us of wasting our time when we stand with the poor, the 
powerless and the voiceless when we stand with those whose dignity has been denied and 
when we stand with those whose burdens are more than they can bear. Going from this 
point forward will give us this exquisite privilege once in a while to be able to stand with 
easily despised and the readily left out, to stand with the demonised, so that the 
demonising will stop. The gentle kind soul is proof that only the soul that ventilates world 
with tenderness has any chance of changing the world”. 





A growing body of research is using artefacts from online development communities to 
explore the impact of developers’ behaviours on the software development process. 
Although this research has produced many insights, researchers have yet to fully explore 
the impact of developers’ cultural backgrounds on their behaviours in an online 
community, although such understandings could be useful for helping the community to 
understand and plan for team dynamics. This study utilised a pragmatic case study to 
explore the relationship between culture and online behaviour among developers from 
the United States (U.S.), China, and Russia—three countries that differ in their 
orientations as individualistic or collectivist cultures. The data for the study comprised 
artefacts supplied over an 11-year period by users of Stack Overflow1, a popular online 
programming community that addresses questions from members by providing them 
with rapid access to the knowledge and expertise of their peers. Artefacts consisted of 
developers’ questions and answers, personal profiles, Up and Down voting records, 
online reputations, and earned badges. Data mining techniques, as well as statistical, 
linguistic, and content analysis were used to compare artefacts from the three groups of 
developers based on their cultural orientation as individualistic or collectivistic, attitudes, 
and interaction and knowledge sharing patterns. The findings revealed differences among 
the three groups that were consistent with their cultural backgrounds. U.S. developers, 
who are from an individualistic culture, asked and responded to more questions, had 
higher average reputations, used the pronoun “I” more frequently, and were more task-
focused. Conversely, Chinese developers, who are from a collectivistic culture, provided 
more extensive commenting and editing of posts, used the pronouns “we” and “you” 
more frequently, and were more likely to engage in information exchange. Russian 
developers had been using Stack Overflow the longest and were the most reflective. The 
cultural patterns identified in this study have numerous implications for enhancing in-








Introduction and background 
Although considerable research has been conducted on effective software process 
methods (Augustine, Payne, Sencindiver, & Woodcock, 2005; Boehm, 2006; Lacerda, 
von Wangenheim, & Hauck, 2018; Nielsen, Larsen, Fitzgerald, Woodcock, & Peleska, 
2015; Siddiqui & Hussain, 2006), the variable success of software development projects 
has left unanswered many questions about how to obtain the best outcomes from them 
(Charette, 2005; Standish Group, 2009). One reason it is difficult to predict success in 
this field is that despite its technical aspects, software development is essentially a human 
activity that incorporates problem-solving, cognitive abilities, and social interaction 
skills (Capretz, 2014). The related literature indicates that behavioural and 
communication factors are the underlying causes for much of collaborators’ 
dissatisfaction or satisfaction with the software development process (Acuña, Gómez, & 
Juristo, 2009; Acuña, Gómez, Hannay, Juristo, & Pfahl, 2015; Gilal, 2020; Graziotin, 
Fagerholm, Wang, & Abrahamsson, 2017, 2018; Graziotin, Wang, & Abrahamsson, 
2015; Rajendran, 2005; Verner & Evanco, 2005; Walle & Hannay, 2009). Therefore, it 
is expected that further study of the behavioural factors influencing software practitioners 
will enable researchers to understand the process of software development better, thereby 
enabling them to identify solutions for improving the process and its related outcomes. 
Evidence from the empirical software engineering (SE) literature reveals that software 
development practices are context-specific and linked to multiple human factors, such as 
the amount of experience the developers have, the type of group that has been assembled, 
and the developers’ programming expertise (Bird, Murphy, Nagappan, & Zimmermann, 
2011; Rastogi & Nagappan, 2016; Yilmaz, 2016). Thus, a complete and accurate 
understanding of software development practices is likely to emerge only through the use 
of proper empirical methods, such as case studies, surveys, and post-mortem analyses. In 
the next section, we present empirical studies in SE that focus on the impact of 
behavioural and cultural factors on software development practices, in motivating this 
project (Alzoubi, Gill, & Moulton, 2018; Alzoubi, Gill, & Al-Ani, 2015; Benestad & 
Hannay, 2012; Czepa & Zdun, 2019; Jaanu, Paasivaara, & Lassenius, 2012). 
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1.1 Motivations for the current study 
The primary researcher for this study had first-hand experience with cultural differences 
and group dynamics in a software development context, and this experience provided the 
stimulation and curiosity that drove this study. Prior to conducting this study, the 
researcher had participated in various software practitioner groups that were governed by 
rules from members of different cultural backgrounds. Observing these groups’ 
interactions allowed the researcher to appreciate the importance of community 
composition and effective communication for promoting cohesive working environments 
among practitioners and achieving successful results in product development. From these 
experiences, the researcher observed that there were distinct patterns in the behaviours 
of practitioners from different cultural backgrounds. This observation led to a research 
interest in the sophisticated behavioural approaches that practitioners use in software 
development environments. We propose that cultures have an impact on software 
practitioners’ behaviours. Moreover, if patterns can be found in these behaviours, the 
findings could be utilised to develop communication models for enhancing in-group 
interactions and community behaviour management. This hypothesis builds on prior 
literature suggesting that the identification of communication models for software 
developers would be invaluable for improving their group identification, level of 
consciousness, and shared comprehension (Amirfallah, Trautsch, Grabowski, & Herbold, 
2019; Aral & Walker, 2011; Chang & Ehrlich, 2007; Hussain, 2016; Jaanu et al., 2012). 
Research has shown that positive and negative emotions, which impact the 
performance of group members, were conveyed through their communication. For 
instance, adverse behavioural incidents have been shown to affect not only group spirit 
but also esteem between community members (Chebat, Kerzazi, & Zourrig, 2010; 
Denning, 2013; Feldt, Angelis, Torkar, & Samuelsson, 2010; FitzPatrick, Friend, & 
Costley, 2004; Goldberg, 1993). Due to the increasing attention paid to SE, prominent 
market players, including Microsoft and Oracle, have considered the analysis of software 
developers’ communication skills as a critical component for identifying behavioural 
patterns that affect group performance and task allocations (Chang, Yen, Chiang, & 
Parolia, 2013; Graziotin et al., 2018; Hope, 2016; Kline & Peters, 1991; Yu, 
Ramaswamy, Mishra, & Mishra, 2011). In addition, Coram and Bohner (2005) found 
that the best-performing groups and communities are the ones that implemented efficient 
software development methods (e.g., agile practices), which are fundamentally driven by 
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human processes. All development methods revolve around human processes, which 
include the cultural and behavioural factors that are considered influential for impacting 
the software development process. 
Culture is a significant factor in shaping human behaviour (Dafoulas & Macaulay, 
2002; Li, Lam, & Qian, 2001). Nevertheless, software practitioners might be unaware 
that most of their interactions are influenced by culture, including behavioural and 
communication factors. This lack of awareness is mostly due to invisible cultural barriers 
that impact the daily work and long-term group performance of practitioners across the 
globe (Olson & Olson, 2003). Recent research studies have highlighted how the 
behavioural characteristics of software practitioners, including their levels of enthusiasm 
and ability to communicate effectively with others, impact software development 
processes (Cataldo, Wagstrom, Herbsleb, & Carley, 2006; Choudhary, Bogart, Rosé, & 
Herbsleb, 2018; Damian, Marczak, & Kwan, 2007; Ehrlich & Chang, 2006; Feldt et al., 
2010; Herbsleb, 2016; Karn & Cowling, 2006; Voas & Agresti, 2004). However, limited 
investigation has been conducted to understand how differences in the cultural 
backgrounds of software developers influence how they behave, interact, and share 
knowledge in group settings. Moreover, there may be patterns in the cultural 
characteristics of software developers that can be detected from their artefacts. The 
question of whether there are patterns in the culturally-based behaviours of software 
developers is the main focus in this study. The goals of the study are presented in the 
next section. 
1.2 Study goals and objectives 
Previous studies have suggested that human behaviours are bounded by social systems 
and norms (Giddens, 1979). Similarly, software practitioners are likely to operate within 
normative boundaries (Goguen, 1993). Based on this research, the aim of this study was 
to uncover how practitioners from collectivistic and individualistic cultures collaborate 
and behave with one another. Accordingly, there were two measurable objectives for this 
study. First, we sought to establish what type of orientation software practitioners from 
collectivistic and individualistic cultures exhibit with one another. Orientation was 
defined as the way that software practitioners contribute their social and intellectual 
capacity to the software development community. Second, we sought to identify attitude 
patterns that are associated with the cultures of the software developers—patterns that 
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are displayed in terms of how developers behave in the software development 
community, such as how they interact and share knowledge with one another. Interaction 
and knowledge sharing represent the activity of capturing, storing, sharing, and using 
knowledge among individuals in a community. We believe that achieving these 
objectives will expand on previous theories regarding the role of behaviour in SE. The 
subsequent section presents a brief introduction to the assumptions and methodology of 
the current research. 
1.3 Research assumptions 
This study utilised several methods of data collection to explore the cultural aspects of 
software practitioners’ behaviours. While questionnaires and interviews can be used to 
solicit insights and experiences into behavioural research (Damian et al., 2007), some 
studies have indicated that software practitioners tend to respond to them with socially 
desirable responses (Holden & Passey, 2010). Moreover, private access to software 
practitioners is generally challenging. To overcome these barriers, we collected data from 
software practitioners’ development artefacts, specifically their communication and co-
operation tools conveyed in questions and answers on Stack Overflow (Bazelli, Hindle, 
& Stroulia, 2013; Yu et al., 2011). Prior evidence has shown that software engineers 
prefer text-based tools for communication to multimedia-based tools (Jaanu et al., 2012; 
Meyer, Murphy, Zimmermann, & Fritz, 2017; Sadowski & Zimmermann, 2019; Yu et 
al., 2011). Text-based tools can provide substantial insights into the behavioural and 
cultural processes found inherently within the software development process (Abreu & 
Premraj, 2009; Bachmann & Bernstein, 2009; Perry, Staudenmayer, & Votta, 1994). 
Therefore, to investigate how people from particular cultures operate and behave, this 
research utilised archival data from Stack Overflow. The research was conducted with 
the following assumptions: 
1. Based on the literature, it is assumed that software artefacts reveal why, how, and 
what software practitioners communicate from both knowledge and behavioural 
perspectives (Damian et al., 2007; Ouriques, Wnuk, Gorschek, & Svensson, 2019; 
Singer, 1998). 
2. Although Ricoeur’s hermeneutic theory allows for the artificial construction of the 
physical environment based on the virtual environment, such an attempt is beyond 
the purpose of the project (Klein & Myers, 1999; Ricoeur, 1981). Also, the 
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researcher did not have any physical or social connections with the practitioners 
considered in this study. 
3. Orientation is defined as the way people contribute to their society and is influenced 
by culture (Li et al., 2001). Consequently, the orientations developers display in 
software development environments are likely to vary due to cultural factors. These 
assumptions are in accordance with previous cultural studies that suggest similar 
effects of cultural factors across different contexts (Argyle, Henderson, Bond, 
Iizuka, & Contarello, 1986; Gudykunst, 1997; Gudykunst & Ting-Toomey, 1988; 
Teeni, 2001; Wallbott, 1986). 
4. To assess group orientations, attitudes, and interaction and knowledge sharing, we 
adopted frameworks from multiple disciplines, including frameworks in sociology 
from Hackman (1987), cultural frameworks in psychology from Downey (2009) 
and Hofstede (2011), frameworks in psycholinguistics from Pennebaker, Chung, 
Ireland, Gonzales, and Booth (2007), and frameworks in education from Henri and 
Kaye (1992) and Zhu (1996). 
5. This study examined artefacts contributed by software practitioners in the software 
development field. However, many of the findings and recommendations are aimed 
towards the supervisors of software projects. The software practitioners studied in 
this work were from specific cultures and used a well-known software system to 
collaborate. Thus, they adopted specific software development practices (Frost, 
2007). The software repository studied is Stack Overflow, which has been found 
to be a reliable source of data (Barua, Thomas, & Hassan, 2014). 
6. Espinosa, DeLone, and Lee (2006) reported that geographical and cultural 
differences might have an impact on software developers’ performance. Jaanu et 
al. (2012) found that such differences might affect their behaviour as well. The 
individuals in this study operated in both Western and Asian cultures, and this 
project considered culture as a factor affecting behaviours of individual software 
developers’. Therefore, the study focused on the cultural aspects of developers’ 
orientations, attitudes, and interaction and knowledge sharing patterns in their 
textual communication. 
7. The researcher’s prior involvement with SE groups and communities may have 
created potential biases in the analyses and interpretations of the data. For example, 
the researcher’s prior experience with software practitioners from individualistic 
and collectivistic cultures may have created pre-existing ideas of how developers 
6 
 
from various cultures behave with one another, which in turn may have influenced 
how the behavioural data was interpreted. However, the results of the analyses were 
also validated against relevant, established theories in the field (Neuendorf, 2002; 
Weber, 1990). 
1.4 Methodological design and research questions 
To address the study goals and objective, this study utilised a pragmatic approach 
(Bischofberger, Kühl, & Löffler, 2004; Licorish & MacDonell, 2013b; Newman, Benz, 
& Ridenour, 1998; Ruhe, 2019) and a mixed-methods case study design that employed 
confirmatory (quantitative) and exploratory (qualitative) approaches. Data collection and 
exploration activities for all data were conducted in the first phase of the study (Han & 
Kamber, 2006; Tan, Steinbach, & Kumar, 2006). In the second phase, a more detailed 
data analysis was conducted using various statistical, linguistic, and content analysis 
(CA) techniques to provide more in-depth explanations of selected cases (Alavi, 
Archibald, McMaster, Lopez, & Cleary, 2018; Crowston, Wei, Li, & Howison, 2006; 
Johnson & Onwuegbuzie, 2004; Licorish & MacDonell, 2014; Ramlo, 2016; Robinson, 
2019; Saikiran & Simon, 2019). 
Multiple approaches were taken in analysing the data. Some aspects of this work, such 
as cleaning, data reduction, and analysis of quantitative data, could be studied best using 
a positivist approach. Positivism is a term used to explain how culture functions using 
statistical analysis methods and experimental trials (Onwuegbuzie & Leech, 2005; 
Onwuegbuzie, Leech, & Collins, 2012). Other aspects were more exploratory and data-
driven, and were best studied using the interpretivist framework. Interpretivism rejects 
the belief that truth resides independently of individuals, and so analysing human culture, 
must proceed beyond the empirical and objective evidence that can be perceived and 
computed (Bertaux & Thompson, 2017; Byrne, 2001; Croker, 2009; Klein & Myers, 
1999; Onwuegbuzie, 2003; Ritchie, Lewis, Nicholls, & Ormston, 2013; Shah & Al-
Bargi, 2013; Tan, 2010). The exploratory aspects of the study were guided by thematic 
analysis during the middle and later stages of the study using both top-down and bottom-
up approaches (Licorish & MacDonell, 2014; Onwuegbuzie, 2003; Saikiran & Simon, 
2019). Then, quantitative measures were utilised to analyse meta-themes revealed from 
the exploratory phase, to provide broader levels of interpretation, and assess statistically 
significant findings (Anagnostopoulos, Becchetti, Castillo, Gionis, & Leonardi, 2012; 
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Argyle et al., 1986; Barcellini, Détienne, Burkhardt, & Sack, 2008; Choi, Im, & Hofstede, 
2016; Easterbrook, Singer, Storey, & Damian, 2008; Farhadi, Sorkhi, Hashemi, & 
Hamzeh, 2011; Gudykunst & Ting-Toomey, 1988; Kalliamvakou, Damian, Singer, & 
German, 2014; Leech & Onwuegbuzie, 2009; Pham, Singer, Liskin, Figueira Filho, & 
Schneider, 2013; Takhteyev & Hilts, 2010; Teeni, 2001; Tsay, Dabbish, & Herbsleb, 
2014; Vasilescu, Filkov, & Serebrenik, 2015; Wallbott, 1986). Thus, the quantitative 
phase of this study examined the following research questions for this study: 
• RQ1: What is the orientation of software development practitioners from 
collectivistic cultures compared to that of their counterparts from individualistic 
cultures? 
Orientation refers to the contributions of individuals within a specific culture and can 
be identified using statistical analysis. In this study, we analysed the text from 
developers’ self-profiles to see if there was a relationship between the language they used 
and their cultural orientation. Previous research has used linguistic analysis to make 
cross-sectional comparisons of individuals who varied on Hofstede’s individualism 
dimension (Ramírez-Esparza, Chung, Sierra-Otero, & Pennebaker, 2012). Additional 
studies have utilised linguistic analysis to investigate developers’ personas (Bazelli et al., 
2013; Elleson, 1983; Gudykunst, 1997; Han, 2003; Licorish & MacDonell, 2013c; Mann, 
1980; Murgia, Tourani, Adams, & Ortu, 2014; Novielli, Calefato, & Lanubile, 2014; 
Rice, D'Ambra, & More, 1998; Singelis, Triandis, Bhawuk, & Gelfand, 1995; Tan, Wei, 
Watson, Clapper, & Mclean, 1998; Triandis, 1998). 
• RQ2: Do the attitudes of software development practitioners from collectivistic 
cultures differ from those who come from individualistic cultures? If so, what is 
the magnitude of these differences? 
Social behaviour literature suggests that individuals’ collaboration in software 
development communities is influenced by social and cultural factors (Inkpen & Tsang, 
2005; Levin & Cross, 2004). Not surprisingly, software practitioners perform better when 
they are in positive cultural and social climates (Abreu & Premraj, 2009; Ardichvili, 
Maurer, Li, Wentling, & Stuedemann, 2006; Chang et al., 2013; Davenport & Prusak, 
1998; Espinosa, Slaughter, Kraut, & Herbsleb, 2007; Gibbert & Krause, 2002; Grayson 
& O'Dell, 1998; Hall, Wilson, Rainer, & Jagielska, 2007; Herbsleb & Moitra, 2001; 
Hinds & Pfeffer, 2003; Sowe, Stamelos, & Angelis, 2008; Van den Hooff, 2004; Van 
Den Hooff & De Ridder, 2004; Vasilescu et al., 2015; Zakaria, Amelinckx, & Wilemon, 
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2004). Thus, the qualitative phase of this study examined the interaction and knowledge 
sharing processes between software practitioners by looking at their textual 
communications using CA, as guided by the following research question (RQ3). 
• RQ3: How does the process of interaction and knowledge sharing compare 
between software development practitioners from collectivistic cultures versus 
those from individualistic cultures? 
1.5 Research contribution 
This research adds to the literature focused on cultural and behavioural-related factors in 
software development. It also expands on the literature that explores how practitioners 
interact through the use of software artefacts. Moreover, this study provides practical 
contributions that can be used to better understand software developers’ orientations, 
attitudes, and interaction and knowledge sharing patterns in relation to their particular 
culture. 
Additionally, methodological recommendations are provided for those who wish to 
extract and examine software artefacts (Licorish & MacDonell, 2014; Nguyen, Wolf, & 
Damian, 2008; Rath & Mäder, 2020; Shihab, Bettenburg, Adams, & Hassan, 2009; 
Shihab, Jiang, & Hassan, 2009). In-depth understandings of pragmatism and multi-
method research design are also provided, as are indicators and concrete examples of the 
implementation of tested approaches and role theories from different disciplines of social 
science (Licorish, 2013, pp. 54-56; Newman et al., 1998; Ruhe, 2019; Russo & Stol, 
2019). Finally, this study provides insights to guide future research on software 
development practices. 
The findings from this study include the following observations and understandings, 
which are intended for project managers and all SE stakeholders: 
1. Grounded evidence of and explanations for the differences in the orientation patterns 
of software practitioners from collectivistic and individualistic cultures. 
2. Understanding of the attitude patterns exhibited by software practitioners from 
different cultural backgrounds. 
3. Understanding of how practitioners’ backgrounds play a role in knowledge sharing 




1.6 Research structure 
This document consists of six chapters. This chapter (Chapter 1) presents a brief 
introduction to the study as well as background information on cultural and behavioural 
factors in software development. Chapter 2 surveys the literature on how culture is 
defined, the importance of culture in human society, the psychological characteristics of 
culture, theories of culture, the role of culture in an organisation, and the broader study 
of culture in different disciplines including SE. It provides a comprehensive review of 
studies examining the impact of culture in SE and identifies gaps in the research. Chapter 
3 details the methodological approach and mixed methods case study design, and 
includes a review of the pragmatic approach utilised in the study. Chapter 4 presents the 
results in three sub-sections, 4.1, 4.2 and 4.3. Chapter 5 includes a thorough discussion 
of the research results. The final conclusion chapter, Chapter 6, provides retrospections 
on the findings, a summary of the contributions, an assessment of the study’s limitations, 
and implications of the study to the broader SE community. 
1.7 Chapter summary 
This chapter provided a brief introduction to the study. It included a summary of previous 
research on the behavioural and cultural processes of software practitioners during the 
software development process. The overarching goals and main objectives of the study 
were described. The cultural factors examined in this study were discussed, including the 
orientations, attitudes, and interaction and knowledge sharing patterns of software 
practitioners from individualistic and collectivistic cultures. The assumptions of the study 
were considered. The methodological research design of this work was briefly presented, 
encompassing both positivism and interpretivism frameworks under the broad principle 
of a pragmatic case study design, and the quantitative and qualitative research questions 
were outlined. Finally, an overview of the research was presented, indicating the core 






This research investigates the influence of culture on practitioners’ behaviour during 
software development. Section 2.1 discusses the study of culture; section 2.2 details 
theories of culture with a specific focus on Hofstede’s cultural theory and dimensions; 
section 2.3 describes the roles of culture in organisations; section 2.4 reviews the broader 
study of culture; section 2.5 describes culture in SE; section 2.6 provides an identification 
of gaps in the literature, including research questions; section 2.7 provides a summary of 
the research discussed in this chapter. 
2.1 The study of culture  
SE (and software development) can be traced to as far back as the nineteenth century 
when Charles Babbage wrote the first computer algorithm (Loeb, 2019), but the modern 
software industry began in 1935 when Alan Turing proposed the first software theory 
(Bowen, 2016, 2018). Since then, the industry has experienced dramatic growth and is 
rapidly growing in popularity in different parts of the world (Carmel & Agarwal, 2001; 
Devadiga, 2017; Hoda, Salleh, & Grundy, 2018). SE now incorporates various activities, 
including code writing, requirements preparation, design determination of coded items, 
and attainment of development goals (Ebert & De Neve, 2001). 
Being a human-centric and socio-technical activity, software development 
encompasses not only technical skills but also the interactions, attitudes, behavioural 
norms, beliefs, and communication approaches of developers (Carmel & Agarwal, 2001; 
Ebert & De Neve, 2001; Herbsleb & Moitra, 2001; Highsmith & Cockburn, 2001). 
Therefore, software development has become a culture, and the subject of a growing 
body of research. The existing literature on culture will be reviewed in this chapter to 
gain insight into the effect of culture on group performance in software development. 
The term culture is rooted in social anthropology (Bennett, 2017; Fallers, 2017). It 
was first used to holistically describe the qualities of human groups that are transferred 
from one generation to the next (Karimi & Kadir, 2012). However, culture is a 
multifaceted phenomenon and a complex term to define (Byrne et al., 2004). For years, 
authors defined culture from different perspectives. Even today, many definitions of 
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culture exist, and there is no universally accepted definition (Triandis, 1996). One of the 
oldest definitions of culture still relevant today is that of Clyde Kluckhohn, who in 1951 
defined culture as “an acquired and transmitted pattern of shared meaning, feeling, and 
behaviour that constitutes a distinctive human group” (Kluckhohn, 1951 cited in Ayman 
& Korabik, 2010, pg. 158). Kluckhohn’s definition relates culture to human behaviour 
and its ability to differentiate among people, and is similar to that of Hofstede’s (1991, 
p. 5), who defined culture as “the collective programming of the mind, which 
distinguishes the members of one group or category of people from another”. Hofstede 
intended for the term “category” to be able to refer to countries, regions, and 
organisations as well as to religion, ethnicity, gender, and occupation. Moreover, he 
viewed culture as all-encompassing, influencing everything humans do and their ways of 
interpreting social situations. Hofstede’s definition was later termed Hofstede’s Theory 
of Culture, and it will be examined more in-depth in subsequent sections. 
Spencer-Oatey and Geertz also formulated theories of culture. Spencer-Oatey (2008, 
p. 3) defined culture from the perspective of human behaviour as a fuzzy set of underlying 
assumptions and values, orientation to life, beliefs, policies, procedures and behavioural 
conventions that are shared by a group of people and which influence, but do not 
determine, each member’s behaviours and their interpretation of the meaning of other 
people’s behaviours. Clifford Geertz, a renowned anthropologist, provided a different 
perspective on culture, defining it as a system of inherited conceptions expressed in 
symbolic forms (Dadze-Arthur, 2017, pp. 11-13; Geertz, 1973, p. 89). In Geertz’s view, 
culture is an organised collection of symbols having specific meanings. 
A critical examination of the definitions presented above indicates culture originates 
from human thinking and behavioural patterns passed down to future generations through 
training and social interaction. The inheritance of culture to new generations indicates 
culture is reproducible (Hofstede, Hofstede, & Minkov, 2010). It is crucial to understand 
human behaviour and interaction since these factors are considered to be the main 
determinants of observed cultural differences around the world (Hofstede, 1984). 
It is well-known that human experiences are shaped through social interactions with 
others (Hofstede, 1984; Schwartz & Bilsky, 1987). Studying culture enhances our 
understanding of how people understand themselves, the people around them, and their 
surroundings (Markus & Kitayama, 1991). Accurate interpretations of culture will 
facilitate relations among people of different cultures in the workplace by allowing them 
to understand how their differences are shaped by the cultural context (Markus & 
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Kitayama, 1991). The aptitude to engage adequately with people from several cultures 
has been termed “cultural intelligence”, and research suggests it is increasingly essential 
for professional development (Crowne, 2008). Also, culture implementation, or the 
process of introducing culture-awareness practices, is widespread in various fields, 
including business, management, economics, law, medicine, and engineering (Barkema, 
Bell, & Pennings, 1996; DiMaggio, 1997; Ghemawat & Reiche, 2011; Schwartz, 1992; 
Sun, 2008; Triandis, Bontempo, Villareal, Asai, & Lucca, 1988). The widespread 
adoption of culture implementation suggests that understanding culture can help explain 
social interactions within a wide array of professional workspaces. In this study, the 
exploration of cultural characteristics is used to gain insights into software developers’ 
orientations, attitudes, and knowledge sharing patterns. 
Culture as a phenomenon is sophisticated; different countries around the world have 
different cultures, which can also include sub-cultures (Markus & Kitayama, 1991). 
Although culture varies across countries, it has similar characteristics that are shared 
across borders, which can be summarised as follows (Hofstede, 1984; Hofstede et al., 
2010): 
• Acquired traits: Culture can be considered as a summation of acquired characters. 
As a culture develops, it adopts different values, attitudes, and ideals via social 
contact and imitation. 
• Distinct entity: Each society has cultural patterns distinguishing it from other 
cultures. 
• Transmission: In all societies, each generation modifies cultural traits and patterns 
before transmitting them to the next generation. Cultural transmission is a 
continuous process with considerable impacts on people’s values. 
• Utility: Culture is described as good if it is useful to both individuals and society 
as a whole. A cultural practice that does not fulfil this purpose will naturally decay 
and become extinct. 
• Dynamic: Culture is dynamic; it changes and develops with time. As a result of 
social contact with other cultures, a culture may even adopt and integrate aspects 
of other cultures. Thinking patterns, beliefs, behaviours, and values can be changed 
as a result of interacting with different cultures. 
As culture consists of a multitude of characteristics that vary across societies, many 
theories of culture have been formulated to understand what governs human behaviour. 
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2.2 Theories of culture 
Culture is invisible, but it is nevertheless felt and experienced (Wickberg & McClay, 
2007). Thus, understanding culture is often tricky, mainly because it requires a diverse 
knowledge of human behaviour. Many cultural theories from various disciplines have 
emerged in the recent past; these theories attempt to define constructs that can be used to 
map and compare different cultures (Triandis et al., 1988). Among the various 
approaches, the cultural dimensions theory proposed by Hofstede is one of the most 
widely known theories of culture today, especially in the field of business management. 
There are other notable theories, such as the cultural theory of materialism and post-
materialism from Inglehart (1981) and the individual value differences theory from 
Schwartz (2006). However, this literature review will concentrate on Hofstede’s theory 
of cultural dimension because of its prominence in the management and information 
technology fields, as well as its utility in detecting cultural patterns. 
Hofstede’s theory of cultural dimensions provides a way of determining the 
relationships between culture and management. Management is defined as the set of 
interrelated processes for creating corporate policy and organising, planning, and 
controlling and directing organisational resources to achieve set objectives (Patrick & 
Kumar, 2012). While management is a crucial aspect of human systems, culture is an 
essential factor for determining how individuals or specific groups of people respond to 
management. According to Hofstede (1984), humans are a substantial part of 
organisations, and for organisations to be successful, they must be well managed. 
Hofstede posited that effective management entails a deep understanding of the cultural 
identities of the people who are managed (Hofstede, 1984). Thus, the cultural aspect of 
management is an excellent determinant of the level of success for a particular 
management style. Hofstede (1984) concluded there is no universal method of 
management; the choice of appropriate management styles depends on many factors, 
with culture being a significant driving force. 
Geert Hofstede was a renowned Dutch scholar who analysed cultural dimensions in 
IBM employees across more than fifty countries (Hofstede, 2011). In the course of his 
analysis, Hofstede identified four value dimensions along which cultural values could be 
assessed. The four dimensions are (1) individualism versus collectivism, (2) small power 
distance versus large power distance, (3) weak uncertainty avoidance versus strong 
uncertainty avoidance, and (4) masculinity versus femininity. These four dimensions are 
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universal and can be used to describe the impact of culture on the values of specific 
groups, including countries (Hofstede, 2011), and explain why groups behave as they do 
(Harada, 2017). 
Hofstede’s four dimensions provide a conceptual framework for describing the 
impacts of culture on the values of a specific group (Hofstede, 2011). The level to which 
characters in a particular culture value individualism or collectivism is a measure of how 
much members depend on one another. Whether a country is considered to exhibit a small 
or large power distance depends on the degree to which its members agree that power is 
unequally distributed; members of large power distance societies willingly accept 
segregation of people into different social classes, while those of small power distance 
countries seek to ensure power is equally distributed among all people. Uncertainty 
avoidance refers to the degree of tolerance a society has for ambiguity. Strong uncertainty 
avoidance countries maintain rigid principles, while weak uncertainty countries have 
more relaxed guidelines for their citizens. A masculine country is one that places great 
emphasis on material wealth, assertiveness, and heroic deeds, whereas a feminine country 
places emphasis on relationships, modesty, and quality of life (Hofstede et al., 2010). 
A country’s placement on these four dimensions determines the type of management 
system that will be effective in that country. Hofstede also pointed out that management 
functions of organisations are culturally constrained, and a management style that is 
effective in one country may fail to produce tangible results in another nation. Thus, 
management techniques need to be based on or consistent with the culture in which an 
organisation is functioning (Hofstede et al., 2010). 
Hofstede et al. (2010) later refined the original cultural dimensions theory and 
presented two additional dimensions of culture that could be applied to both nations and 
organisations: long/short-term orientation and indulgence/restraint. Long- and short-term 
orientation notes the degree to which a culture prepares its members to embrace the 
delayed gratification of their needs. For instance, in business organisations, Asian 
business managers are generally future-oriented and value long-term investments, while 
North American business managers prefer short-term profitability (Hofstede, 2011). In 
practice, companies in North American and Asian countries evaluate their employees’ 
performances based on long- and short-term orientations (Hofstede et al., 2010). 
Indulgence/restraint refers to the extent to which a culture allows gratification and the 
embracing of natural basic human desires for the enjoyment of life. Organisations 
showing restraint limit gratification and place restrictions on individuals’ joyful 
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behaviour (Fontaine, Duriez, Luyten, Corveleyn, & Hutsebaut, 2005). For instance, 
Chinese and Indian business organisations tend to have low indulgence scores, indicating 
active cultural restraint in which rules take precedence over freedom of speech (Hofstede 
et al., 2010). 
Hofstede emphasised that although these dimensions can be used to explain a national 
culture, people have a tendency to act based on their past life experiences. This is 
especially true when individuals are not in their native country and are interacting with 
other cultures (Hofstede, 2011). Although Hofstede’s research study on organisational 
culture has been heavily criticised for its focus on a single information technology 
company, he was nevertheless able to show there are cultural groupings influencing the 
behaviours of people across societies and organisations, and the groupings are persistent 
across disciplines (Achinivu, 2017). 
2.3 The role of culture in organisations  
An organisation is a group of culturally diverse people who interact with one another to 
carry out a commercial enterprise (Davies & Woodward, 2014). Hence, culture is 
invariably present and vital in any organisation. Qualitative studies are typically used to 
examine organisations from a cultural perspective and study their social and 
organisational processes. Strictly quantitative studies of organisational variables often 
cannot capitalise on the opportunity to analyse the data through a cultural lens (Martin, 
2001; Schein, 1992; Trice & Beyer, 1993) because cultural aspects of organisations often 
cannot be observed directly. Instead, the cultural ideas and related behaviours are 
interconnected and typically form unique patterns within organisations over time, making 
it difficult to quantify the full context in which the study phenomenon occurs. 
The cultural perspective of organisations encompasses both the rational and non-
rational aspects of business institutions. Many approaches to studying organisations 
simplify the complexities and diversities of the cultures inherent within them (Martin, 
2001). However, it is essential to examine organisations from a cultural perspective by 
focusing not only on rational theories of organisation and management but also on the 
organisations’ cultural or non-rational aspects. 
Organisational culture has been described in many ways by various authors. Hofstede 
(1984) defined organisational culture as how things are done in an organisation. 
Conversely, Zammuto and Krakower (1991) described corporate culture as a series of 
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shared perceptions, symbols, rites, rituals, patterns of belief, and myths that emerge over 
time and provide a strong bond that holds the organisation together. For each business 
organisation, the recognised operational culture provides a corporate framework that 
determines how business is conducted in the company. Thus, organisational cultures are 
socially established structures of meaning that are generally accepted by every member 
of an organisation (Ott, 1989). 
Organisational culture can also be considered as comprising the underlying shared 
assumptions that members of the company have learned, integrated, and adapted into 
their workplace interactions (Schein, 1992). Similar to societal culture, organisational 
culture aids both individuals and groups in addressing ambiguities and providing order 
in social life. The elements of culture are typically formed from ideologies, beliefs, 
values, and norms. These elements evolve and become stable; in their permanent form, 
they become elements of causal models, which can be used to explain and justify existing 
social systems (Hofstede, 1984). 
2.4 The broader study of culture 
Culture is a universal phenomenon with a tangible presence in all fields of human 
endeavour (Schein, 1992). The definitions for culture and cultural orientation usually 
vary based on the research interest, discipline, and unit of analysis (Hofstede, 1984). In 
business, for instance, organisational culture refers to the inherent awareness of an 
organisation that dictates the behaviours of the people within the organisation. However, 
in the medical field, organisational culture is described as an essential feature that 
influences the effectiveness of providing quality health care services. 
In business and management, understanding culture can be beneficial for market 
expansion. Barkema et al. (1996) argued that an organisation needs its management 
community to be culturally sensitive to succeed in other countries. For instance, a 
company that is moving to another country must make efforts to adjust to its culture. Not 
doing so will substantially decrease the company’s opportunity to succeed in that nation. 
Thus, culture is tightly interwoven with the success of companies operating in cultures 
that may be foreign to the members of the organisation. 
Globalisation has also made it possible for business organisations to have business 
partners all around the globe, which may increase the potential for conflicts based on 
cultural differences (Varner & Varner, 2014). Thus, it is essential to understand the 
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differences in partners’ cultures and navigate the differences effectively. There may also 
be differing perspectives on the role of law that apply to the governments of different 
nations and international organisations (Duve, 2018). Previous studies have asserted that 
culture reflects the creation, interpretation, and application of law (Varner & Varner, 
2014). In any society, the law creates the guidelines that dictate the everyday actions of 
people and provides shared understanding, which makes it possible for people to live 
harmoniously with one another. Each culture has a system of law that governs the 
relationships among members of the society, and this system is called a legal tradition 
(Duve, 2018). Legal traditions typically comprise inherent values and norms and are a 
significant determinant of beliefs people hold about justice (Franck, 1999). Therefore, 
two individuals from different cultures who want to enter into a contractual relationship 
need to understand each other’s culturally derived legal traditions and how they relate to 
the national legal system and international laws. Failure to do so may cause problems in 
the course of executing business contracts. 
Culture in the field of engineering can be considered from multiple angles. First, 
culture determines the nature of the engineering experiences within a given environment. 
In Western cultures, for example, engineering drives innovation and technology, and thus 
fosters entrepreneurship (Mann & DiPrete, 2013). This process has helped engineers 
contribute significantly to humanity in terms of technological development. Conversely, 
in African cultures, engineering careers are gendered, and female children are not usually 
encouraged to pursue an engineering career (Buse, Bilimoria, & Perelli, 2013; Hill, 
Corbett, & Rose, 2010; Jones, Ruff, & Paretti, 2013). Therefore, females are excluded 
from engineering experiences in African cultures. Second, culture can be considered 
from the perspective of the values engineering companies hold in esteem. Research has 
shown how the values adopted by an engineering company are a significant determinant 
of its workforce performance and the overall success of the company (Warrick, Milliman, 
& Ferguson, 2016). 
An understanding of culture is vital in studying information technology (IT) because 
culture affects the successful implementation of IT projects and the managerial processes 
governing them. Resolving IT and cultural issues is essential for ensuring productive and 
high performing teams (Leidner & Kayworth, 2006). The importance of culture has 
increased with the trend in software development toward globalisation, which is affected 




2.5 Culture in SE 
Many software proprietors have their own culture, which guides all their behaviours and 
decision-making processes. For instance, Spotify, a Swedish SE company, believes a 
significant responsibility of leaders is to offer leadership and guidance to their 
community members and then allow them to use their initiative to complete the assigned 
tasks (Smite, Moe, Levinta, & Floryan, 2019). Google, on the other hand, believes 
strongly in innovation, and the management community has put many mechanisms in 
place to ensure that employees maximise their skills in innovation (Steiber & Alänge, 
2013). 
Culture is considered a complex topic in the global software development (GSD) 
process. A qualitative study carried out by Vasilescu et al. (2015) studied the 
collaboration process of culturally distributed developers in Open Source Software 
(OSS) communities and found that diversity among community and group members was 
crucial for developers’ success when operating in virtual cooperative settings. Also, as 
developers of OSS communities became aware of the importance of cultural diversity, 
they welcomed the variety of perspectives provided by such platforms and profited from 
it. A study by Deshpande, Richardson, Casey, and Beecham (2010) examined cultural 
diversity in GSD communities and reported the need to utilise concrete strategies to 
manage cultural differences raised in a geographically distributed software development 
environment. In a prior study of GSD communities, Herbsleb and Moitra (2001) found 
several significant challenges inhibiting the success of such communities, including 
cultural challenges, poor communication, knowledge management issues, project and 
process management problems, and technical issues. Similarly, in a qualitative study, 
Holmstrom, Conchúir, Agerfalk, and Fitzgerald (2006) examined GSD-associated 
challenges and identified cultural issues as one of the top notable difficulties facing 
software development professionals after temporal and geographical issues. For instance, 
language barriers created challenges with interpreting and creating shared meaning. 
One strategy for addressing cultural challenges is to ensure there is cultural diversity 
within programming groups and communities, which research has suggested is essential 
for the process of software development. For instance, a study from Casado-Lumbreras, 
Colomo-Palacios, Soto-Acosta, and Misra (2011) investigated the impact of culture on 
the mentoring relationship within the SE industry. Using interviews, they sampled forty-
five developers from traditional offshore countries such as Latin-America, Maghreb, and 
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Eastern Europe (including Russia). There were two significant findings from the study. 
First, cultural differences affected both formal and informal mentoring. Second, technical 
competencies did not improve after the implementation of a mentoring relationship. 
Similar findings from Patel (2017) suggested that cultural differences impact software 
development and should be considered when outsourcing offshore. Cultural factors that 
should be taken into consideration include a cultural understanding of outsourcing, 
shared values and norms, the cultural intelligence level of the client and the vendor, 
management of cultural differences, and language barriers. Neglecting these cultural 
factors can unfavourably impact the project. For instance, developers from an Eastern 
culture might consider reporting to a female manager from a Western culture to be an 
issue. In this case, an organisational hierarchy needs to be implemented strictly, so 
developers from Eastern cultures accept requests and instructions coming from a senior 
figure even if that figure is a female (Casey, 2010). In general, managing developers’ 
attitudes can be challenging for managers, who must navigate cultural as well as technical 
factors influencing the development process. In the following section, we introduce the 
research questions for this study having reviewed relevant literature to identify gaps. 
2.6 Research questions 
Numerous studies have demonstrated that an understanding of culture and behaviour 
enables researchers to comprehend and analyse the behavioural mechanisms behind 
human actions in cross-cultural contexts (Anagnostopoulos et al., 2012; Choi et al., 2016; 
Farhadi et al., 2011; Kalliamvakou et al., 2014; Pham et al., 2013; Takhteyev & Hilts, 
2010; Tsay et al., 2014; Vasilescu et al., 2015). However, literature is scarce on culture 
in the context of SE, particularly in terms of detecting behavioural patterns in specific 
development communities. The current study seeks to fill this identified gap by applying 
objective measures obtained from software development artefacts to determine the 
effects of culture on the behaviours of software practitioners and to investigate whether 
the impact conforms with Hofstede’s individualism cultural dimension. 
This study focuses specifically on this dimension since it describes an individual’s 
interdependence (self-concept) and profoundly influences the degree of collaboration 
within a society (Hofstede et al., 2010). In an individualistic culture, people tend to take 
care of themselves and their families, while in collectivistic communities, individuals 
look after a larger group, subsequently working towards long-term objectives (Hofstede, 
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1984). Hofstede described societies with a dominant individualistic mentality as self-
oriented cultures since they stress individual needs over the needs of a group, and 
members are perceived as independent with autonomous behaviour. Conversely, 
societies with a collectivistic mentality rely on a hierarchical group structure to make 
decisions and consider group outcomes as a priority. In collectivist societies, each 
member shares the responsibility to ensure the harmony of their community, as a lack of 
member participation may indicate group failure (Watkins & Liu, 1996). 
Hofstede (1984) indicated that a country’s rank on the individualism cultural 
dimension reflects how it perpetuates traditional values. In a collectivistic society, in 
which members seek to be consultative and participative, the principles of devotion, 
dedication, and permanence are highly valued. People from collectivistic societies tend 
to be non-confrontational when making inquiries (Vallaster, 2005), making them less 
orientated towards direct contact. In these societies, direct contact might be viewed as a 
threat to group cohesion that could alter the cordial atmosphere. Conversely, members of 
individualistic cultures seek more immediate resolution to current standing issues 
without consulting others (Ali, Taqi, & Krishnan, 1997). Therefore, collectivistic 
societies rank lower on Hofstede’s individualism cultural dimension, and individualistic 
societies rank higher. 
Earley (1993) proposed that people from collectivistic cultures lean more towards 
indirect communications. Therefore, we would expect software developers from 
collectivistic cultures to be more inclined to facilitate decision-making processes. In 
contrast, software developers from individualistic cultures would be more likely to stress 
the importance of the tasks at hand over group dynamics. To members of a collectivistic 
culture, the approach taken by developers from an individualistic culture may seem 
confrontational and overly direct. Based on the existing literature (Argyle et al., 1986; 
Gudykunst & Ting-Toomey, 1988; Teeni, 2001; Wallbott, 1986), this study postulates 
that software development community members from collectivistic cultures will show a 
higher degree of group orientation than community members from individualistic 
cultures, who tend to be more self-orientated. Consequently, the first question (as briefly 
introduced in section 1.4) in this research is as follows: 
• RQ1: What is the orientation of software development practitioners from 




Prior research has explored the cross-section between behavioural and technical 
factors in SE. Weinberg (1972) and Shneiderman (1980) enlightened the software 
development community by investigating the relationship between developers’ 
behavioural facets and performance. Specifically, Gerald Weinberg and Ben 
Shneiderman explored programming as a social activity and assessed the personality 
factors such as introversion and extraversion that impacted programming outcomes. 
Their findings have contributed to our understanding of community empowerment (Bird 
et al., 2011) and provided a greater awareness of the behavioural factors influencing 
software development for all stakeholders in the process (França & Da Silva, 2009). 
Another study examining the link between behavioural and technical factors was 
conducted by Zimmermann et al. (2010), who researched the characteristics of bug 
reports that were the most effective for developers. The authors discovered that the 
measures taken to duplicate a bug’s environment were the most effective methods for 
identifying drawbacks while fixing defects. However, findings from this work also 
suggested that testers’ behaviour varied considerably in the amount of detailed 
information they included in their bug reports, and this variation impacted the subsequent 
technical aspects of fixing the bugs. Considerable research has also focused on using 
behavioural factors to predict failures in software development. Based upon the findings 
of this research, software development communities have developed testing 
environments for forecasting risky software features and planning upcoming 
maintenance activities (Bhat & Nagappan, 2006; Nagappan & Ball, 2007; 
Tantithamthavorn, 2016; Wiklund, Eldh, Sundmark, & Lundqvist, 2017). Developers 
have focused not only on testing factors, but also on practitioners’ behaviours (e.g., 
interactions around software development features) to boost failure predictions, find 
solutions, and prevent software bugs (Bird, Nagappan, Gall, Murphy, & Devanbu, 2009; 
Dam et al., 2018; Li, Jing, & Zhu, 2018; Pinzger, Nagappan, & Murphy, 2008). 
Several studies have explicitly looked at the behavioural attributes of software 
developers on the Stack Overflow online platform. For example, the study performed by 
Bazelli et al. (2013) examined Stack Overflow question and answer threads to identify 
developers’ characteristics using linguistic analysis. They concluded that the members 
with the highest reputation were more confident than those with average or below-
average reputation. Furthermore, members who used the Up-voting feature of the 
platform were considerably less negative overall than those who used the Down-voting 
feature. In addition, studies conducted by Calefato, Lanubile, Marasciulo, and Novielli 
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(2015) and Novielli et al. (2014) examined the Stack Overflow online platform to 
determine the developer characteristics that increased the likelihood that a technical 
contribution would receive a satisfactory answer. The authors indicated that factors 
linked to information exposition, time, and the emotional markers found within the thread 
influenced the possibility of getting a successful answer. Overall, the findings suggest a 
link between the behaviour of developers, developers’ accomplishments, and their 
contributions to questions and answers posted on Stack Overflow. 
Based on previous research, we expect the attitudes of developers from individualistic 
cultures to differ from those of developers from collectivistic cultures on Stack Overflow. 
An attitude is formally defined as a stable way of conceiving or sensing regarding 
someone or something, commonly one that is mirrored in an individual’s behaviour 
(Oxford University Press, 2010). In terms of their behaviour, members of collectivistic 
cultures exhibit a strong disposition toward prioritising community objectives over 
personal goals (Han, 2003; Singelis et al., 1995; Tan et al., 1998; Triandis, 1998). Also, 
they gravitate towards group reasoning to avoid disruptions and accomplish community 
objectives (Choi et al., 2016), preferring to maintain group traditions and norms. 
Individuals from collectivistic cultures tend to be more interactive and comply with group 
settings and goals more favourably than those from individualistic cultures (Elleson, 
1983; Mann, 1980). They also tend to prefer indirect procedures to resolve conflict 
instead of straightforward formal resolutions by highlighting contextual importance over 
the content, and indirect communications more than direct ones (Gudykunst, 1997). Also, 
Rice et al. (1998) found that members from collectivistic cultures prefer to observe 
reactions when they are in an asynchronous medium to maintain a cohesive group 
environment. This study postulates that developers from individualistic cultures would 
be more self-focused on Stack Overflow, while developers from collectivistic cultures 
would be more likely to express agreement with other members. Therefore, the second 
research question is as follows: 
• RQ2: Do the attitudes of software development practitioners from collectivistic 
cultures differ from those who come from individualistic cultures? If so, what 
is the magnitude of these differences? 
Individuals’ interactions and engagement in communication channels are crucial 
factors for knowledge production and distribution during crowd work (Grayson & 
O'Dell, 1998; Van Den Hooff & De Ridder, 2004), which is a defined as collaborative 
group work on a set of tasks to enhance members’ learning capabilities and improve 
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output. The method of knowledge production includes knowledge contribution and 
knowledge acquisition (Van den Hooff, 2004), both of which are influenced by 
intellectual and inspirational determinants (Hinds & Pfeffer, 2003). Sowe et al. (2008) 
utilised the mailing record of the Debian project to inspect knowledge sharing between 
developers. These scholars noticed that no particular person controlled knowledge 
sharing operations, suggesting that knowledge sharing was dispersed widely without 
centralised control. In related research, Abreu and Premraj (2009) investigated the 
mailing records of the Eclipse project and observed that communication strengthened as 
the number of introduced bug changes increased. They further discovered that developers 
interacted with each other the most often during delivery and integration periods, 
suggesting that frequency of interaction was positively correlated with the need to share 
knowledge to meet the technical demands of the project. 
Knowledge sharing has been identified as the process of capturing, storing, sharing, 
and using knowledge (Davenport & Prusak, 1998; Ouriques et al., 2019). In the current 
study, knowledge sharing is represented by various communication channels, which are 
affected by individuals’ willingness to share knowledge with others (Gibbert & Krause, 
2002; Rashid, Clarke, & O’Connor, 2019). Knowledge production, distribution, and the 
parameters that impact these measures are related to software development due to the 
information-intensive nature of the software development process. Prior research has 
revealed that interaction is a crucial factor influencing the success of software 
development activities (Hall et al., 2007). Energetic engagement of group members 
positively influences the group process and allows the community to experience a 
singular perception (Graziotin et al., 2018; Hope, 2016; Van den Hooff, 2004; Van Den 
Hooff & De Ridder, 2004) that increases the probability of the community successfully 
accomplishing its goals (Herbsleb & Moitra, 2001). Conversely, negative behaviours can 
damage community balance and coherence in software development environments 
(Chang et al., 2013; Chen, Geluykens, & Choi, 2006), ultimately having a negative 
impact on the community function (Denning, 2013; Espinosa et al., 2007; Fischer, 
McDonnell, & Orasanu, 2007). Ardichvili et al. (2006) investigated the cultural factors 
that affect knowledge sharing strategies within an online community, and found that 
members of the community from different countries demonstrated varying levels of 




Consistent with previous research, this study examines cultural factors that influence 
interaction and knowledge sharing in a SE context to confirm Hofstede’s findings on the 
individualism vs. collectivism cultural dimension. We speculate that in a developmental 
collaboration context, members from a collectivistic culture are likely to have a higher 
behavioural tendency towards interaction and sharing knowledge between each other 
than members from an individualistic culture. Validating the individualism dimension 
within the context of SE will link SE, culture theory, and Hofstede’s findings in business 
management. This linkage will inform collaboration strategies of developers operating 
in such cultures, and where such cultures must interact. Therefore, the final research 
question of this study is as follows: 
• RQ3: How does the process of interaction and knowledge sharing compare 
between software development practitioners from collectivistic cultures 
versus those from individualistic cultures? 
2.7 Chapter summary 
Every society has a specific culture that serves as the primary determinant of members’ 
behaviours. Globalisation has made it possible for diverse cultures to come together, 
especially in the workplace, and culture plays an important role in the workplace just as 
it does in day-to-day society. In business organisations, culture is a crucial factor for 
determining the overall work performance of an organisation’s workforce and the success 
of the company in the marketplace. In the same way, culture determines the success of 
projects that require individual, voluntary contributions. Many studies have shown that 
the respective culture of workers and the organisational culture of the company they work 
for has direct impacts on group behaviour and their consequent performance in the 
workplace. Thus, in order to understand group and community behaviour, it is necessary 
to understand both the culture of individual members of the community and the 
organisational culture. 
Various research studies have explored the relationship between culture, 
organisational culture, and group behaviour in different types of business organisations 
and software development projects. However, research is scarce regarding the impact of 
culture on the software development community within specific geographic locations. 
Understanding the effects of culture on developers’ behaviour in these specific locations 
will inform tailored approaches to maximising the effectiveness of software development 
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projects and improving the effectiveness of collaboration between software professionals 
in a group and community environment. 
This literature review has provided a survey of relevant studies that informed our 
proposed research design. The literature review also investigated the software 
development process from a cultural perspective through the usage of methods in 
psychology and social science paradigms. Studies that investigated software practitioner 
artefacts and procedures utilised were also examined. In general, this literature review 
identified the research gaps that are to be examined by this study. The next section will 





The success of SE primarily depends on humans’ involvement in the design and 
development process (Lenberg, Feldt, Tengberg, Tidefors, & Graziotin, 2017; Lenberg, 
Tengberg, & Feldt, 2017; Olguín et al., 2008). However, most research on SE has focused 
solely on its technological aspects. Only a few studies have focused on the behaviours of 
software engineers, their organisational psychology, and the social aspects of their work 
(Adaji, Oyibo, & Vassileva, 2019; Graziotin et al., 2017; Hassan, 2008; Lenberg, Feldt, 
et al., 2017). Thus, software engineers lack strategies informed by human behavioural 
processes they can use to improve production rates (Astromskis, Bavota, Janes, Russo, 
& Di Penta, 2017; Bird, Gourley, Devanbu, Gertz, & Swaminathan, 2006; Bird et al., 
2009; Petersen, Feldt, Mujtaba, & Mattsson, 2008). 
As a result, scholars have realised the critical need for more human-focused qualitative 
research approaches in SE (Di Penta, 2012; Goguen, 1993; Itkonen, Mäntylä, & 
Lassenius, 2015; Kosti, Feldt, & Angelis, 2016; Lenberg, Feldt, et al., 2017; Yin, 2003). 
Focusing exclusively on the technical aspects of SE may produce a biased view of the 
actual state of the development community (Bryant, 2004; Datta, Kaulgud, Sharma, & 
Kumar, 2010; Dörnyei, 2007; Hinds & McGrath, 2006; Johnson, Buehring, Cassell, & 
Symon, 2006; Johnson, Ekstedt, & Jacobson, 2012; Lázaro & Marcos, 2006; Robinson, 
2019). That is why it is believed an ideal methodological practice would be to include an 
examination of the human aspects of SE by utilising social science research methods 
from sociology, management, or behavioural science (Klein & Myers, 1999). 
Most studies that examine the behavioural aspects of SE adopt quantitative 
methodologies (Lenberg, Feldt, et al., 2017; Saikiran & Simon, 2019). Qualitative 
methods are highly suitable for researching behaviour and are frequently used in the 
behavioural sciences (Bertaux & Thompson, 2017; Byrne, 2001; Croker, 2009; El 
Hussein, Kennedy, & Oliver, 2017; Graziotin et al., 2015). In this study, qualitative 
approaches from the social sciences are combined with quantitative approaches 
frequently used in SE to provide better insights into why humans behave the way they 
do during the process of software development (Alavi et al., 2018; França, Da Silva, 
Felix, & Carneiro, 2014; Ramesh, Glass, & Vessey, 2004; Robinson, 2019). 
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This chapter is structured as follows. Sections 3.1-3.4 outline the epistemological 
approach and discuss the research benefits of the positivist and interpretivist approaches 
as well as the hybrid approach, which is a blending of these two approaches. The use of 
these three approaches can provide a better understanding of SE artefacts within a 
particular community or culture in terms of developers’ orientation, attitudes, and 
interaction and knowledge sharing. Section 3.5 discusses the methodological framework 
used for the case study design. Sections 3.6-3.10 discuss the data handling process, 
including data mining, data collection, data selection, data exploration, and data pre-
processing. Sections 3.11-3.13 describe the measures used to answer the research 
questions in the quantitative and qualitative phases of the study. The chapter is then 
summarised in section 3.14. 
3.1 Epistemology and theoretical approach 
Epistemology is a branch of philosophy that describes human knowledge and offers 
insight into the process of how knowledge is attained (Bryman, 1984; Creswel, 2009; 
Creswell & Maietta, 2002; Slevitch, 2011). Epistemology influences the way researchers 
perceive truth and their understanding of thinking, learning, and behaviour in SE, as well 
as education, and other disciplines (Knight, Shum, & Littleton, 2014; Phillimore & 
Goodson, 2004). In the field of SE, epistemology is essential and defined as the process 
of how an individual develops a conception of knowledge, including basic knowledge 
definition, knowledge construction, and knowledge evaluation (Hofer, 2002). 
There are several methodological techniques used to understand human behaviour 
within a culture (Lázaro & Marcos, 2006). However, it is challenging to find an 
appropriate methodology that aligns with a researcher’s philosophical view, the subject 
of the study, and the research discipline. This challenge also extends to other factors out 
of the hands of the researcher, such as the available time, cost, and staffing (Doyle, Brady, 
& Byrne, 2009; Fetters, Curry, & Creswell, 2013; Leech & Onwuegbuzie, 2009). There 
is also the potential for subjectivity to influence the results. For instance, researchers’ 
views and ideas on how truth is perceived might bias the research to favour one position 
over another (Creswell & Clark, 2017; Easterbrook et al., 2008; Runeson & Höst, 2009). 
In general, researchers hold a standard progression of epistemological beliefs 
suggesting that all research should follow an exclusive pattern, whether it is qualitative 
or quantitative (Ansari, Panhwar, Mahesar, & Literature, 2016; Whitmire, 2003). 
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Together with the phenomena of interest, such beliefs form an integral part of the 
decision-making process and influence how the research methodology is conducted 
(Creswell & Clark, 2017; Galliers & Land, 1987; Orlikowski & Baroudi, 1991). In this 
study, while the overarching approach is largely positivist due to the quantitative nature 
of the research, qualitative (interpretivist) methods were also incorporated in a hybrid 
design in order to analyse the developers’ textual pool of data (Denscombe, 2008; Heron 
& Reason, 1997).  
3.2 Positivist approach 
The positivist approach stresses the importance of quantitative research methods to 
understand society as a whole and uncover social trends (Dellinger & Leech, 2007; 
Denscombe, 2008; Onwuegbuzie & Leech, 2005; Su, 2018). Positivism also emphasises 
social trends and patterns rather than individuals (Bryman, 2016; Park, Konge, & Artino, 
2020). Society usually conforms to fixed laws of causation that shape behaviours and 
social interactions, which can be studied by researchers using objectivity, measurement, 
and repeatability (Lee, 1991; Marsonet, 2019). From a positivist’s point of view, 
knowledge is objective and exists independently from the researcher. Thus, the use of 
valid protocols helps the researcher gain some knowledge about the phenomena under 
study. This approach eventually leads to complete knowledge of the phenomena in the 
later stages of the research process (Denscombe, 2008; Johnson et al., 2006; 
Onwuegbuzie & Leech, 2005). 
3.3 Interpretivist approach 
When research is guided by the use of established theories and principles, positivist and 
quantitative approaches utilise deductive reasoning (Bahari, 2010; Gregor, 2006; Klein 
& Myers, 1999). In such studies, researchers will typically test and verify several 
hypotheses based on a predetermined set of theories. On the other hand, if the research 
is more flexible and lacks a theoretical framework for examining a phenomenon, then 
the work will rely on interpretivist and qualitative approaches (Capps, 2019; Walsham, 
2006). In interpretive research, knowledge is acquired outside of a formal scientific 
framework through the determination of the researcher to examine and understand the 
social world (Klein & Myers, 1999; Scauso, 2019; Walsham, 2006). As such, qualitative 
29 
 
research uses methods such as unstructured interviews and participant observations to 
elicit information regarding the truth of a phenomenon (Kankam, 2019; Lin, 1998). 
Interpretivists believe that quantitative methods are often not appropriate because 
knowledge is subjective, and people experience reality differently (Iovino & Tsitsianis, 
2020; Klein & Myers, 1999; Onwuegbuzie & Leech, 2005). Since knowledge cannot be 
separated from individuals and their experiences, exploratory research is needed. 
Qualitative methods such as ethnography are used to explain human behaviour in its 
cultural context and capture how people perceive the world around them (Onwuegbuzie 
& Leech, 2005). 
3.4 Hybrid approach 
All sociological research approaches make certain assumptions about knowledge 
attainment and the nature of the social world. One proposed way of making research 
more reliable is for researchers to explicitly state their assumptions (Runeson & Höst, 
2009). Quantitative positivists and qualitative interpretivists employ different 
assumptions, which in turn leads to diverging perspectives on their results (Jackson, 
2018; Onwuegbuzie & Leech, 2005; Walsham, 2006). The quantitative positivist holds 
an unwavering belief in the use of verified theories to provide insights and replicate 
findings (Lee, 1991; Marsonet, 2019). However, their results may be biased because 
some aspects of the research were not quantifiable and were therefore ignored. 
Conversely, the qualitative interpretivist holds that knowledge is subjective and embraces 
the variations of truths conveyed in their results. However, it may be difficult to interpret 
their findings due to their potential lack of generalisability, which can also compromise 
the quality of the work that was done. 
Both quantitative and qualitative methods have strengths and weaknesses. While 
different methods tend to be associated with either positivist or interpretivist 
epistemological assumptions, any given study might choose to employ methods 
originating from both perspectives. This does not indicate a researcher holds both 
positivist and interpretivist beliefs, as that would be a fundamental contradiction, and yet 
a study may employee seemingly divergent methodologies. Indeed, recent research has 
recommended the combination of both approaches to enhance their strengths, mitigate 
their weaknesses, and provide clear research outcomes (Kankam, 2019; Tashakkori & 
Teddlie, 2003; Teddlie & Tashakkori, 2003).  
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Leading researchers in the field of SE have advocated for more dynamic, practical, 
and hybrid research approaches that avoid the use of a single technique and instead 
employ multiple techniques (Johnson & Onwuegbuzie, 2004; Spicer, 2017). To utilise a 
hybrid approach, the researcher collects and analyses both quantitative and qualitative 
data, which provides the advantages of both (Lázaro & Marcos, 2006). Since the current 
study is largely exploratory, we employed a pragmatic epistemological framework (see 
Figure 1) to enable the research problem to guide the selection of the study’s methods 
(Newman et al., 1998; Onwuegbuzie, 2003). The study relies heavily on quantitative 
(positivist) methods, but also borrows from qualitative (interpretivist) methods in order 
to achieve as robust an analysis as possible. The use of this hybrid approach also helped 
extrapolate the findings from Hofstede’s cultural framework. 
 
Figure 1. Epistemological framework 
3.5 Case study methodological framework 
The case study methodological approach is a unique research method that uses both 
qualitative and quantitative data (Aaltio & Heilmann, 2009; Blaikie & Priest, 2019), and 
is commonly used to understand organisational behaviour (Nagappan, Murphy, & Basili, 
2008; Runeson & Höst, 2009). Also, it is often employed in instances where the 
boundaries between phenomena and context are blurred (Baxter & Jack, 2008; Creswell 
& Clark, 2017). Thus, it can be used to construct multiple hypotheses and test them using 
descriptive and exploratory analysis (Yazan, 2015; Yin, 2003). 
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A case study usually comprises two parts: the exploratory branch and the verified 
branch (Easterbrook et al., 2008; Fetterman, 2019). The exploratory branch always 
provides new, untested theories, while the verified branch is assessed through 
confirmatory methods that make use of inductive reasoning (Easterbrook et al., 2008; 
Fetterman, 2019). Over the years, different disciplines, including information 
technology, computer science, and SE, have utilised several different case study designs 
ranging from longitudinal, multi-case studies to a single cross-sectional case study 
(Könnölä et al., 2016; Nagappan et al., 2008; Potts, 1993; Runeson & Höst, 2009; 
Wikfeldt, 2016; Yin, 2003). 
To utilise the case study framework to its full potential, this research adopted a hybrid 
approach, in which both the positivist and interpretivist approaches were employed to 
provide an in-depth understanding of how developers from different cultures behave in 
terms of their orientation, attitudes, interaction, and knowledge sharing. The data source 
for this case study design was Stack Overflow repository data, which makes the 
phenomena of interest a real-life scenario. Könnölä et al. (2016) and Nagappan et al. 
(2008) observed the systematic structure of environments using multi- and embedded-
cases study designs. Here, we utilised a similar approach because it allowed for the 
exploration of individual behaviours using both quantitative and qualitative approaches 
and provided guidelines for data collection and data analysis. As shown in Figure 2, three 
cases were selected from the Stack Overflow data source; each case represented an 
individual culture, and the software engineers (contributors) from that particular culture 




Figure 2. Case study design 
3.6 Data mining 
Data mining is defined as the practice of examining large datasets to generate new and 
practical insights. As a discipline, data mining draws from multiple areas of study, 
including statistics, machine learning, pattern classification, and information 
management (Han & Kamber, 2006; Tan et al., 2006). Through the use of database 
management, statistics, and machine learning, data mining is beneficial for detecting 
patterns in large data sets (Pujari, Rajesh, & Reddy, 2001). Consequently, data mining 
has recently experienced rapid growth, as organisations have accumulated massive 
amounts of data from completely computerising their operations (Tan et al., 2006). The 
enormous quantity of available information and its potential for knowledge has resulted 
in the emergence of tools and techniques for understanding patterns in data (Tan et al., 
2006). Data mining is also used to summarise big data and offers solutions to many 
structured and unstructured problems (Wolf, Schröter, Damian, Panjer, & Nguyen, 
2008). Therefore, this study used data mining principles throughout the entire data 
handling process. First, it was used to select, explore, and pre-process data, thereby 
ensuring its validity and reliability, as well as increasing its quality. Figure 3 illustrates 
the data handling process for the Stack Overflow repository, our source of data. After 
selecting, exploring, and pre-processing the data, we utilised data mining to identify 




Figure 3. Data handling process 
3.7 Data collection 
The data provided for this study were collected from archival data for Stack Overflow 
over an eleven-year period from September 2008 to September 2019. Although there are 
multiple sources of archival data for Stack Overflow, we selected the archived repository 
version from Stack Exchange2 in order to capture real-time raw data of the entire 
platform. The selected data source includes all events and content in XML format. 
However, high-performance machines are required to download these files and perform 
further operations on them. Thus, we used the Google Cloud Platform (GCP)3 compute 
engine to create a virtual machine (VM) with the following specification: 8 Virtual 
Central Processing Units (vCPU), 52 GB memory and 1 TB of Hard Disk Drive (HDD). 
After downloading files to the deployed VM, we converted the data to a Microsoft SQL 
Server relational database for efficient data management. To do so, we used the soddi4 
data dump importer app to assist in migrating Stack Exchange XML files to the desired 
database format. The conversion process took 83 hours to complete and resulted in a 







Overflow records from September 2008 up to September 2019. A visual representation 








3.8 Data selection 
Selecting a rich and varied sample enables the researcher to draw relevant conclusions 
that comprehensively covers of the phenomenon (Aaltio & Heilmann, 2009). In this 
study, expert sampling approaches were employed to: 1) select cases that provided rich, 
detailed information on SE culture; 2) increase accuracy and eliminate bias from the 
obtained data (Yin, 2003); and 3) help mitigate hardware-related limitations. Three 
countries (U.S., China, and Russia) with similar profiles, as discussed below, were 
selected through the use of expert sampling. 
3.8.1 Country selection 
Multiple reasons guided the selection of three countries for this study. The first and 
primary factor influencing the selection was the size of the country’s economy 
(Jorgenson & Vu, 2005). All three countries are considered superpowers in their 
respective regions. The U.S., the largest economy in history, still leads the world GDP 
and is a pioneer in the innovation of technology. On the Global Innovation Index 2018,5 
the U.S. placed first in North America, where most economic activities operated digitally 
via the Internet. The country is also the centre of GitHub activities, which is another 
reason we included the U.S. in our sample. 
The second-largest economy after the U.S. is China (Berger, Choi, & Herstein, 2013). 
Rapid economic development in China includes the vast expansion of information 
technology. In a report announced by the International Telecommunication Union (ITU; 
2017)6, China placed sixth according to the development index of Information and 
Communications Technology (ICT), above both the U.S. and Russia. Internet use in 
China is also high, with 54.3% of the total Chinese population reported to be internet 
users (Bank, 2019b). Significant foreign investments also make China a substantial 
network connection for the implementation of digital service policies. 
Finally, Russia is one of the major nations in the European region. The World Bank 
(2019a) categorised Russia as a high-income country with a nominal GDP that is the 
eleventh largest in the world. On the ICT Development Index, Russia placed forty-fifth. 






been as rapid as that of the U.S. or China, Russia is an interesting example of a high-
income country with a moderate internet technology pace. This makes Russia a useful 
benchmark for comparisons to the U.S. and China while exploring the impact of culture 
on the process of software development. 
Because this study relies heavily on Hofstede’s theory of cultural dimensions 
regarding the collectivist and individualistic tendencies of the countries analysed, it is 
worth noting how the three nations selected have been “ranked” on the individualism 
dimension of Hofstede’s framework. According to a country comparison utilising the 
Culture Compass cultural survey tool, Hofstede Insights scores the US at 91 (highly 
individualistic), Russia at 39 (moderately individualistic), and China at 20 (low) on the 
individualistic-collectivistic continuum.7 
The economic justification for including the U.S., China, and Russia in the study is 
that they all have technological development and are advanced and highly developed 
countries. During the timeframe of the study data, from September 2008 through 2019, 
the proportion of the population who were internet users increased in all three countries. 
As part of Europe, Russia represents software development in the European area. 
According to the ITU, Europe has the highest proportion of internet users in the world: 
internet users made up 46% of its population in 2005, 67% of its population in 2010, and 
79.6% of the population in 2017. We propose that the stability in the high proportion of 
internet users is also accompanied by rapid technological development, which can 
illustrate how culture has blended into its SE industry. The U.S., which represents North 
America, is also a country with a high proportion of Internet users. The ITU reported that 
the number of internet users in North America was over 36% of the total population in 
2005, which increased to 49% of the total population in 2010, and reached 65.9% of the 
total population in 2017. Likewise, China, the second-largest economy after the U.S., 
exemplifies the advancement of the Asian economy. According to the ITU, the number 
of internet users in Asia and Pacific represented 9% of its total population in 2005, 23% 
of its total population in 2010, and 43.9% of its total population in 2017. More 
importantly, a significant percentage of software organisations offshore to China (Khan, 
Niazi, & Ahmad, 2009). We propose that culture is one factor that potentially influences 






Besides their high proportion of internet users, these three countries were selected for 
the study based on their ability to make the internet inclusive for all. One measure of this 
ability is the Inclusive Internet Index (III), which is an essential measure for investigating 
the impact of culture on SE development. Based on the III released by the Economist 
Intelligence Unit in 2019,8 The U.S., China, and Russia were included in the top 50 most 
inclusive internet countries in the world: the U.S. ranked third, Russia ranked nineteenth, 
and China ranked forty-second. Thus, these three countries represent the internet 
inclusiveness in the top, middle, and lower tiers of global internet implementation, and 
we expect the culture of the three countries to have a significant impact on SE 
development (Qiao, Chen, & Xia, 2018). 
3.8.2 Stack Overflow database 
For this study, we sampled data for three different countries (the U.S., China, and Russia) 
from the Stack Overflow database. However, querying an extensive database that 
contains a significant amount of textual content is a lengthy process. To overcome this 
obstacle, we backed up the database as a (.bak) file from the virtual machine. Then, we 
uploaded the backed-up version to a GCP elastic bucket for temporary storage using the 
gsutil9 tool. We used GCP services again to deploy another private virtual server with 
MS SQL 2017 Enterprise build and higher specifications of 24 vCPUs, 128 GB memory, 
10 GB dedicated internet connectivity, and 1 TB of Solid State Drive (SSD). After the 
server deployment, we configured a Google firewall proxy10 to allow our local machine 
to access this server without disruptions. Following the connection process, we 
successfully restored the database into the virtual SQL server using the backed-up bucket 
version. We were then able to perform ad-hoc queries to explore the data and understand 







Table 1 Table Properties of Stack Overflow Database 





Badges 32,450,580 2.34 
Comments 75,437,848 13.73 
PostHistory 121,191,152 212.86 
PostHistoryTypes 37 0.01 
PostLinks 6,095,548 0.02 
Posts 45,919,816 90.26 
PostTypes 8 0.03 
Tags 55,665 0.06 
Users 10,932,295 1.51 
Votes 177,592,267 10.71 
VoteTypes 15 0.04 
Note: GB = Gigabytes (109 bytes). Data records were 
obtained from the archival Stack Overflow database for the 
period from September 2008 – September 2019. 
By collecting such a large sample, we sought to reinforce the reliability and validity 
of this research. The validity of the dataset is evidenced by the inclusion of professional 
developers who frequently share or seek reliable information and work for commercial 
companies like Microsoft11. Also, the dataset contains vast amounts of textual 
information with the potential to provide rich insight into developers’ software 
development artefacts, primarily through the use of effective data mining techniques. 
After a brief exploration of the database, we performed a second migration from our 
private virtual SQL server to Google BigQuery12 because it has inexpensive storage and 
querying quotas using Hevo13 data flow pipeline technology, which connects both 
platforms using specialised TCP proxy connections. The migration process was 
successful and enabled us to achieve our objectives of downsizing the original database 
to half of its original size (160 GB), making it cost-effective. Also, Google BigQuery 
helped to supply secured storage and swift methods for querying big data. Finally, we 







After migrating the data to BigQuery, we extracted the three sampled countries using 
the location attribute in the “Users” table (see Figure 4) and created new tables by 
executing a series of join queries. Table 2 and Appendix B provide an overview of the 
obtained records for each country. 
Table 2 Stack Overflow Total Records by Database Table by Country 
Stack Overflow Total Records by Database Table by Country 
Table US China Russia 
Users 86,894 35,079 18,211 
Badges 532,143 107,418 93,647 
Comments 2,733,789 186,361 158,392 
Posts 1,697,153 169,333 226,447 
PostHistory 1,339,700 254,088 100,995 
Tags 1,947 113 96 
Votes 84,830 158,089 84,830 
 
Using the post type attribute in the “Posts” table (see Figure 4) enabled us to split it 
into two distinct tables, one for questions posted and one for answers posted (see 
Appendix C for further details). The extracted data were studied using both quantitative 
and qualitative approaches. 
3.9 Data exploration 
After the creation of the Stack Overflow database, we utilised the principles of 
exploratory data analysis (EDA) to conduct a preliminary exploration of the extracted 
sample (Larose & Larose, 2014). EDA enables researchers to explore their data through 
descriptive statistical data analysis, clustering, graphical representation and anomalies 
recognition (Mosteller & Tukey, 1977). First, descriptive statistical data analysis can be 
used to quantify the general properties of a dataset, such as its overall distribution, central 
tendency, skewness, and kurtosis. Second, visualisation provides a graphical illustration 
of data to help identify relationships among the attributes being examined (Tan et al., 
2006). Data visualisations such as scatter plots, histograms, and other graphical data 
representation methods are commonly used for exploring data (Larose & Larose, 2014). 
Third, cluster and factor analysis are two conventional methods of examining clustering 
in a dataset. Cluster analysis is used to assess correlations or clusters among individuals 
or units of analysis by determining if there are particular subgroups within the data. 
Factor analysis is used to identify clusters of variables that measure the same underlying 
constructs and can be clustered simultaneously for the purposes of analysis. Fourth, 
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anomaly detection can be achieved through the use of any of the three preceding methods 
of EDA and is used to detect observations that lie far outside the remaining observations 
or that have unlikely response patterns (Larose & Larose, 2014). In addition to these four 
methods, online analytical processing (OLAP) can also be used for data interpretation 
and processing due to its multidimensional array representation support (Tan et al., 
2006). EDA was conducted using both PowerBI, Python14 and IBM SPSS (see Appendix 
D and Appendix E for further details). The analysis served not only to provide an overall 
understanding of the data but also to identify any unusual patterns among the attributes 
being studied (Tan et al., 2006). 
3.10 Data pre-processing 
Pre-processing data has been described as the most difficult data mining operation 
because it involves data cleaning, integration and transformation (Han & Kamber, 2006; 
Tan et al., 2006). We have performed data cleaning through the detection and removal of 
statistical noise by modifying incorrect values, replacing missing values, or eliminating 
invalid data and outliers (see Appendix F and Appendix G for further details). We also 
performed data integration which involves the merging of several data sources into one 
more substantial source. Data transformation was also used to normalise and aggregate 
the data thoroughly to optimize the efficiency and precision of future analytical 
procedures (see section 5.1). 
3.11 Measures for RQ1 (Orientation) 
The first research question focuses on the orientation of developers in collectivistic and 
individualistic cultures. Developers’ orientations15 were measured using their artefacts 
from the Stack Overflow platform. In our archival database, we created eleven 





14 https://www.kaggle.com search?q=EDA/ 
15 Orientation refers to developers’ contribution to and by Stack Overflow, e.g. developers contribute to Stack 
Overflow when answering questions, and in turn, receives contribution back when they are granted a higher 
reputation in the community.  
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Table 3 Descriptions of Developers’ Orientations 




The number of words developers wrote about themselves in their “About Me” profile. 
Duration on 
site 
The number of months a user used the Stack Overflow platform, which was 
calculated as (last access date - profile creation date). 
Up Votes A measure assigned by the community to reflect the usefulness of questions and 
answers posted by a user. Each question and answer deemed useful earns ten up 
votes. Users issue up votes by clicking an up arrow to the left of a post or comment. 
Down 
Votes 
A measure assigned by the community to indicate posted questions and answers that 
offer little value. Each downvoted answer loses 2 points while the voter loses 1 point. 
A user uses down voting by clicking a down arrow to the left of a post whenever they 
encounter a sloppy post or an answer that is incorrect. 
Reputation A measure calculated by the Stack Overflow platform to reflect the amount of trust 
that the community has in a user. The main approach to obtain reputation is by 
posting good questions and useful answers. A user gains reputation when a question 
or answer is voted up (+10), an answer is marked accepted (+15), or a suggested edit 
is accepted (+2). Up votes cause gains in reputation, whereas down votes cause losses 
in reputation. A member can gain a maximum of 200 reputation points per day from 
the combination of up votes, down votes, and suggested edits. 
Views The total number of times a user profile has been viewed. 
Badges The total number of badges earned by a user. Badges are awarded based on a user’s 
contribution to the site when asking or answering questions, moderating an activity, 
or participating in non-community-wiki questions (tag-based). There are three 
categories of badges: gold, silver and bronze. 
Comments The total number of comments provided by a user. A user can post a comment to 
discuss a question or an answer in order to ask for further clarification without the 
need to post a new thread. A comment has a short length of 15 to 600 characters 
maximum.  
P questions The total number of questions asked by a user. 
P answers The total number of answers provided by a user. 
Post history The total number of times a user has edited posts, either questions or answers. Users 
can edit other users’ posts to enhance their quality.  
From a technical standpoint, we used a join operation between the Users table and 
other tables from Stack Overflow based on their unique mutual identifiers. We also 
utilised a script to form one new holistic table named “Orientation” that extended the 
database structure and contained users’ orientation data (see Appendix H for further 
details). 
To answer RQ1, we first conducted EDA using SPSS on the orientation metrics for 
developers from the three countries. The main objective of EDA was to understand 
developers’ orientations in relation to their culture (e.g., collectivistic or individualistic). 




Figure 5. Statistical data processing steps 
After conducting EDA, we tested for the independence of the three samples. We 
believed that the samples were independent because the developers from the three 
countries were geographically separated from each other; developers from one sample 
did not exist in another. Levene’s homogeneity of variance test (Levene, 1960) was 
utilised to test the null hypothesis that the variances in the orientation metrics were equal 
across the three samples. 
Our next step was to perform a normality test to check the distribution of the 
developers’ orientations from each country. If the data of a particular orientation is 
normally distributed, then parametric tests are necessary. Otherwise, non-parametric tests 
should be used (Kaur & Kumar, 2015). The Kolmogorov-Smirnov test (Öztuna, Elhan, 
& Tüccar, 2006) was applied to all orientation metrics to test the null hypothesis that the 
data were normally distributed with the decision to dismiss the null hypothesis based on 
a p-value of 0.05. In other words, a p-value less than (<) 0.05 gave us sufficient evidence 
to dismiss the null hypothesis and infer that the data distribution was non-normal. 
We also tested whether there was a true difference in the developers’ orientations 
across the three countries. In the case of parametric data, we applied the Analysis of 
Variance (ANOVA), which is used to perform comparisons between the means of more 
than two independent groups (Kim, 2014). In the case of non-parametric data, the 
Kruskal-Wallis test is the preferred procedure for comparing more than two independent 
samples (Vargha & Delaney, 1998). 
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To further check for differences between any two of the three countries, we utilised a 
t-test for two independent samples. In the case of parametric data, the two-sample t-test 
is commonly used to compare two independent groups with the null hypothesis that the 
two samples’ means are equal (Sedgwick, 2012). In the case of non-parametric data, the 
test for two independent samples is conducted using the Mann-Whitney test (Nachar, 
2008). All tests used a 5% error confidence level, meaning the null hypothesis was 
rejected with p-values less than 0.05. It is essential to note that the risk of achieving a 
significant result by chance (Type I error) increases when multiple analytic tests are 
performed on the same dependent variable. Thus, we utilised the Bonferroni correction 
to prevent the possibility of committing a Type I error (Weisstein, 2004). 
3.12 Measures for RQ2 (Attitude) 
The second research question focused on exploring patterns in developers’ attitudes as 
reflected in their linguistic “About Me” profiles. The linguistic analysis was conducted 
utilising a top-down approach that identified textual phrases in the profiles to provide an 
overview of the attitudes of developers from different cultures. There are several methods 
to assess individuals’ attitude using contextual data. An examination of psycholinguistic 
research indicated the LIWC16 application is the most frequently utilised form of analysis 
with textual data (Coltheart, 1981; Gill & Oberlander, 2003; Iyer, 2019; Licorish & 
MacDonell, 2012, 2013c; Mairesse, Walker, Mehl, & Moore, 2007). LIWC is considered 
a top-down procedure that utilises established lexicons in the text analysis process 
(Calefato, Lanubile, & Vasilescu, 2019; Nowson, 2006). 
Multiple factors guided the selection of a linguistic analysis rather than a qualitative 
data-driven procedure for this research phase. First, the nature of conducting qualitative 
analysis on a large sample is both impractical and resource-intensive. Second, this 
research work was not aimed at producing psycholinguistic theories but instead 
investigating and obtaining a holistic view of the attitude patterns revealed in artefacts of 
developers from multiple cultures. Third, prior studies have favourably applied 
dictionary-based approaches to validate individuals’ attitudes utilising textual data 
(Calefato et al., 2019; Licorish, 2013, p. 80; Rigby & Hassan, 2007). We employed 
linguistic analysis in a manner similar to that of Licorish (2013, pp. 79-80), who analysed 
SE messages to understand developers’ attitude patterns. Thus, a dictionary-based top-
 
16 Linguistic Inquiry and Word Count 
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down approach was utilised to answer RQ2. Findings from this phase will inform the 
next phase, which is data-driven and qualitative. 
LIWC is a program engine built based on forty years of data accumulation in the 
United States, New Zealand, and Canada (Pennebaker, Francis, & Booth, 2001; 
Pennebaker & King, 1999; Tausczik & Pennebaker, 2010). The compiled knowledge 
used in LIWC engine production stretches over several life domains, including 
supervised and sentimental writing, articles, regular conversations, blog entries, and 
stories. The tool recognises over 86% of conversational words and is composed of 4,500 
linguistic words accessible in several languages. Within the engine itself, word clusters 
are located within specified genres or categories, such as social words, positive emotion, 
negative emotion, and quantifiers (see Table 4 for a full list). Textual data is imported 
into the tool as an input file, and the textual information is processed by matching every 
word within the document against LIWC dictionary words. The results are summarised 
by lexicon categories, which consist of matched word count procured by the lexicon, e.g., 
the standard psycholinguistic pronouns dimensions, the psychological genres, and 
functional phrases including the positive and negative sentiment categories as well as the 
social, leisure, and work categories. 
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Table 4 LIWC linguistic genres 
LIWC Linguistic Genres 
Linguistic Genres Variable Samples Total Words  
Standard Linguistics    
Total pronouns Pronoun I, our, they, you 153 
Singular pronouns (1st person) I I, me, my, mine 24 
plural pronouns (1st person) We We, us, our 12 
2nd person pronouns You You, your, yours 30 
Negations Negate Not, never, no 62 
Prepositions  Prep On, to, from 74 
Articles Article An, the, a 3 
Quantifiers Quant Few, many, much 77 
Psychological Processes    
Social processes Social Talk, us, child, friend 756 
Positive emotions Posemo Love, happy, pretty, nice 620 
Negative emotions Negemo Hate, hurt, nasty, ugly 744 
Certainty Certain Always, definitely, never 113 
Insight Insight Think, know, consider 259 
Discrepancy Discrep Should, would, could 76 
Tentative Tentat Maybe, perhaps, guess 178 
Certainty Certain Always, never, confident 83 
Personal Concerns    
Work Work Job, majors, xerox 444 
Achievement Achieve Earn, hero, win 186 
Leisure Leisure Cook, chat, movie 296 
Home Home Kitchen, landlord 100 
Money Money Audit, cash, owe 226 
Note: Source for this table is Licorish (2013, p. 85) and Pennebaker and King (1999). 
Research has shown that individuals’ attitudes can be revealed from their textual 
communications (Giles & Wiemann, 1993; Licorish & MacDonell, 2012, 2013c; Murgia, 
Ortu, Tourani, Adams, & Demeyer, 2018; Murgia et al., 2014; Oxman, Rosenberg, 
Schnurr, & Tucker, 1988; Pennebaker, Mehl, & Niederhoffer, 2003; Pennebaker & 
Stone, 2003; Taylor, Reed, & Berenbaum, 1994). An individual’s semantic style tends to 
be constant over time, and textual review applications can correctly associate language 
characteristics to individual attitudes (Greinert, 2019; Li & Chignell, 2010; Licorish & 
MacDonell, 2012; Mairesse & Walker, 2006; Mairesse et al., 2007; Pennebaker et al., 
2001; Pennebaker & King, 1999; Pennebaker & Lay, 2002; Tausczik & Pennebaker, 
2010). Research has also examined the relationship between language usage and 
maturity, sentiment changes (Pennebaker & Stone, 2003; Stone & Pennebaker, 2002), 
and gender (Mulac, Bradac, & Gibbons, 2001). While prior studies utilising other 
contextual applications have identified a positive correlation between individuals’ 
semantics and attitudes (Licorish & MacDonell, 2012; Mairesse et al., 2007; Pennebaker 
et al., 2001; Yee, Harris, Jabon, & Bailenson, 2011), studies suggest that the LIWC scales 
are higher in accuracy than other tools when assessing textual communication for attitude 
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indicators (Mairesse & Walker, 2006). Additionally, there is an extensive research base 
in the psycholinguistic literature using the LIWC tool to identify attitudes (Li & Chignell, 
2010; Mairesse et al., 2007; Pennebaker et al., 2001; Yee et al., 2011). Therefore, the 
LIWC tool was utilised to conduct the linguistic analysis for this study. The next 
qualitative phase of this study is used to confirm the effectiveness of the LIWC 
application for evaluating software developers’ textual exchanged communication. 
Although some researchers suggest that word counts are insufficient indicators of the 
contextual context of a sentence (Krauss & Fussell, 1996; Zeldow & McAdams, 1993), 
it can be argued that the utilisation of certain words within a sentence can serve as an 
indicator of individuals’ characters, language formation preference, psychological 
characteristics (Pennebaker & King, 1999), and feelings (Denning, 2013). Moreover, 
researchers have previously utilised LIWC to gain insights into the attitudes of software 
developers. For example, Rigby and Hassan (2007) utilised LIWC to analyse developers’ 
prominent characteristics from an Apache OSS mailing list. The researchers reported 
significant variations in the attitudes of two top developers once they chose to quit the 
Apache Foundation. Bazelli et al. (2013) also used LIWC to categorise personalities of 
software developers obtained from their Stack Overflow development artefacts. The 
authors suggested that top users are more outspoken and exhibit fewer negative emotions 
than regular users. 
Five linguistic dimensions were examined in this study. First, we analysed the 
pronouns category. First-person singular pronouns such as “I” were indicators of 
individualistic and self-focused attitudes, while plural pronouns such as “We” were 
indicators of collectivistic attitudes and a shared group focus. Moreover, the second 
person pronoun “You” was considered an indication of the degree of members’ reliance 
on one another and a collectivistic attitude (Pennebaker & Lay, 2002). Second, we 
explored the cognitive category to assess the intellectual and behavioural aspects of 
developers. Previous research has established that software communities are most 
productive when their members have high cognitive capabilities, which makes them good 
problem solvers (André, Baldoquín, & Acuña, 2011; Licorish, 2013, p. 85). Third, we 
investigated the category of work- and achievement-related words to analyse those 
developers who are most concerned with task completion and have an individualistic 
attitude (Benne & Sheats, 1948; Wagner & Moch, 1986). Fourth, we examined the leisure 
category to analyse those who demonstrate collectivistic behaviour and promote 
collectivistic behaviour in others (Van den Hooff, 2004). Research suggests that 
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individuals with collectivistic attitudes tend to be social and use positive and group-
related words in their communications (Benne & Sheats, 1948; Triandis et al., 1988; Zhu, 
1996). Finally, we assessed the negative language category to analyse members who 
contribute negatively to the behavioural climate of groups. Individuals who express 
negative emotions usually reflect unfulfillment, dissatisfaction, and individualistic 
behaviours that can impact group cohesiveness (Denning, 2013; Goldberg, 1993; Lo, So, 
& Zhang, 2010). 
For the purpose of analysing developers’ attitudes, the total number of records 
obtained from each culture was first exported from BigQuery as a comma-separated 
values (.csv) files (see Appendix I for further details). Thus, there were three new files, 
one for each country. Then, we loaded each file into the LIWC application and analysed 
it in relation to the five linguistic categories as stated above. The results were then 
exported back to BigQuery as separate tables for secure storage, extending the database 
design. These tables were then queried and analysed (see Chapter 4) to converge the 
findings with the next qualitative phase that applies a content analysis (CA) bottom-up 
observation technique. 
3.13 Measures for RQ3 (Interaction and knowledge sharing) 
This qualitative phase of the study uses a bottom-up CA approach to explore the third 
research question regarding the relationship between culture and software developers’ 
interaction and knowledge sharing patterns. CA is one type of qualitative methodology 
that can be labelled as a bottom-up (data-driven) approach. Such data-driven approaches 
generate the dimensions for classification from the data rather than from predefined 
dictionaries. Consequently, bottom-up techniques are believed to grasp the precise 
context where phrases are utilised (Damerau, 1993). CA has been used frequently in the 
social sciences and other disciplines, including computer science, SE, and information 
systems (Licorish & MacDonell, 2013a). In the SE field, CA has been employed to 
examine a wide range of topics, including communication, interactivity, implicit 
knowledge, critical thinking, problem-solving, comprehension, and social interaction 
patterns among community members and organisations (Neuendorf, 2002, 2019). By 
using CA to assess textual content in a systematic way, we transformed the analysis from 
a qualitative to a quantitative format, and vice versa. 
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Scholars have used CA to investigate knowledge reciprocity in communication. 
Specifically, CA has been used to analyse information produced at the start of the 
communication process, the information produced as a response, and any recap or 
summary of the informational thread (Licorish & MacDonell, 2014). The use of CA has 
enabled scholars to understand that there are different levels of communication 
manifested within development communities, such as vertical reciprocity and horizontal 
reciprocity (Zhu, 1996). Vertical reciprocity occurs when some developers seek 
knowledge more independently than others. Conversely, horizontal reciprocity occurs 
when knowledge flow is multidirectional, and communication serves to integrate 
knowledge. Notably, both vertical and horizontal knowledge can be shared without 
response or recap (Licorish, 2013, p. 96). 
Rather than being a single method, CA incorporates three distinct approaches: 
conventional, directed, and summative (Hsieh & Shannon, 2005). Together, these three 
approaches describe the textual content in a meaningful way. There is significant 
variation among these approaches in the origin of the codes utilised to represent the 
textual data, the encoding schemes, and threats to reliability. For example, the encoding 
schemes used in conventional CA are obtained directly from textual records (Mayring, 
2004). The directed method utilises relevant study findings or theory as guidance to 
assign fundamental encoding schemes that have been established in the literature 
(Mayring, 2004). Summative CA utilises the counting of keywords and content 
comparisons. The use of directed and summative CA encoding schemes enables scholars 
to segment communication into units of analysis. In this study, every unit was assigned 
to an encoding category before indexing all objects in that specific category. These 
categories were subsequently examined to verify their reliability and validity for 
interpreting communication data based on theory or relevant study findings (Weber, 
1990). It is essential to note that there are times when one analysis unit (e.g. a sentence) 
is related to more than one category and is classified into multiple categories 
(Ravenscroft & Pilkington, 2000). 
Developing a reliable encoding schema is somewhat complicated because of the need 
to establish its reliability and validity. The most useful encoding protocols are those with 
reported reliability and validity (Gall, Borg, & Gall, 1996; Rourke & Anderson, 2004). 
Because CA has been used successfully to investigate software practitioners’ 
communication (De Wever, Schellens, Valcke, & Van Keer, 2006; Gunawardena & 
Zittle, 1997; Henri & Kaye, 1992; Rourke & Anderson, 2004; Scardamalia & Bereiter, 
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1987), there is an existing CA protocol that is appropriate for this study. Specifically, this 
study utilised a directed CA classification protocol created by Licorish (2013, pp. 94-
100) that has thirteen encoding categories that were validated using multiple preliminary 
trials. This schema is particularly appropriate for this study because it has previously 
been used to explore engagement and knowledge-sharing in software engineers, and has 
resulted in ground-breaking findings (Henri & Kaye, 1992; Zhu, 1996). Licorish (2013, 
p. 98) found that software engineers communicate several ideas in their messages. 
Therefore, developers’ messages were segmented into sentences, and these sentences 
were the primary analysis units in this study. Table 5 presents the encoding categories 



























Table 5 Coding Categories for Interaction and Knowledge Sharing 
Coding Categories for Interaction and Knowledge Sharing 
Scale Category Explanation 
1 Type I Question Requests solution or answer due to a knowledge deficit, e.g., “Which class 
contain the implementation and deployment for screen hibernation feature?” 
2 Type II Question Initiates discussion, e.g., “let us talk about the new python method that 
discards the unique index and has even weirder side effects in more 
complicated cases.” 
3 Answer Provides feedback or response for knowledge seekers, e.g., “You can find 
hibernation features implemented across these classes (HMC1, CYMH, DHH 
and 3HC), I would suggest that you follow a similar approach.” 
4 Information 
exchange 
Shares knowledge, e.g., “You do not need to do that since the API team were 
able to crack down issue number 315 yesterday.”  
5 Discussion Provides an elaboration that expresses ideas or thoughts, e.g., “Solving issue 
#138 helped to solve the error produced in the (field_automation) class since 
it took care of all refactoring problems.” 
6 Comment Provides statements, e.g., “I highly believe that test should be implemented 
first using a test-driven approach where tests fail at the start.” 
7 Reflection Provides an appraisal or self-evaluation, e.g., “I have noticed that the MVC 
framework from last year project can be applied to the current one besides 
including the useful techniques learnt in that challenging project.” 
8 Scaffolding Provides a proposition and advice, e.g., “I think it is a better idea to use clear 
and elaborative comments when we code to help in the final production of the 
documentation file.”  
9 Instruction/ 
Command 
Gives a directive, e.g., “Fix or delete your posted answer since your provided 
pattern is neither a mixture of regex nor like-clause.” 
10 Gratitude Provides appreciation or praise, e.g., “Nice, your solution actually worked, 
thanks for the post.” 
11 Off task Provides an unrelated transmission of messages regarding the current task or 
post, e.g., “Admin it has been a while.” 
12 Apology Expresses remorse, e.g., “I do apologise for posting a question with the 
wrong.” 
13 Not Coded Communications that cannot be assigned to any of the preceding twelve 
categories. 
Note: Source for this table is Licorish (2013, p. 99). 
To understand interaction and knowledge sharing, we coded messages communicated 
by users on Stack Overflow. The Posts table was the primary source of this activity, as it 
contained textual information on the communications of all users of the platform (see 
Appendix J for further details). The original sample size of the messages communicated 
in the Posts table was 1,697,153 for the U.S, 169,333 for China, and 226,447 for Russia. 
The GPower statistical tool was used to select a random sample from the original 
population of messages to minimise the coding burden (Faul, Erdfelder, Lang, & 
Buchner, 2007). To obtain a 95% confidence level, and a 5% error margin, 384 messages 
were needed from each population. 
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After the extraction process, we copied records from BigQuery for each population to 
Microsoft Excel for easy management during the coding process. In the first coding 
phase, the researchers (the student and one supervisor) were the main coders and 
categorised 5% of the three countries’ communications (60 messages) for piloting and 
reliability checks. Encoders were given instructions for utilising the coding scheme. 
Encoding discrepancies were discussed and resolved through consensus. The Cohen’s 
Kappa coefficient, a measure of inter-rater reliability, indicated an agreement level 
between coders of 0.831 (Cohen, 1960), which is considered an acceptable level of 
agreement. 
During the second coding phase, all messages from each sample were inspected 
individually to see if they captured interaction and knowledge sharing. If so, we 
segmented the message into sentences and coded each sentence according to the scale in 
Table 5 (Licorish, 2013, p. 98). At the start of the coding procedure, all thirteen categories 
were assigned a zero mark. Subsequently, sentences that captured information and 
knowledge sharing were selected and matched against the coding schema. If a match was 
found, then a mark of one was assigned to the matched category. Otherwise, it remained 
zero. For sentences belonged to more than one category, we assigned a mark of one to 




















Figure 6. Processing steps for content analysis 
3.14 Chapter summary 
The current chapter detailed the study’s methodological design. Prior empirical research 
utilising repository archival data has mainly relied on quantitative methods to investigate 
software engineers’ communications. Nevertheless, there are uncertainties regarding the 
appropriateness of relying solely on quantitative analysis for investigating more in-depth 
psychological and cultural aspects of the software development process. Therefore, 
qualitative methods from the behavioural sciences were adopted to complement the 




This work employed a pragmatic case study research methodology to compare the 
software artefacts of developers from three countries (the U.S., China and Russia) that 
vary on the individualism cultural dimension of Hofstede et al. (2010). Analyses were 
conducted using an extensive longitudinal database containing eleven years of data for 
developers using the Stack Overflow portal. There were two main phases of the study. 
The first phase utilised data mining to explore the database and quantitative analysis to 
compare the developers from the three countries. The analyses included a statistical 
analysis of the orientation patterns of software developers and linguistic analysis of 
developers’ attitude patterns. The second phase utilised the qualitative method of content 
analysis to explore the interaction and knowledge sharing patterns of developers and 
compare the quantitative and qualitative findings. The overall analytical approach and 
the methodological structure of this work are represented in Figure 7.  
In the next chapter, we present the results for the three RQs. 
 





This chapter describes the findings of the current study and is divided into four main 
sections. The first section (section 4.1) provides the quantitative results for RQ1; section 
4.2 presents the results of the linguistic analysis for RQ2; section 4.3 presents the results 
of the content analysis for RQ3, and section 4.4 presents an overall summary of the 
results chapter. 
4.1 Results for RQ1 (Orientation) 
This section explains the results of RQ1 which examined the orientation of software 
development practitioners from collectivistic cultures compared to that of their 
counterparts from individualistic cultures. The total number of developers in the analysis 
was 140,184, including 86,894 (61.98%) from the U.S., 35,079 (25.02%) from China, 
and 18,211 (13.00%) from Russia. 
The results for the mean (M), median, standard deviation (SD), skewness (SK), 
kurtosis (KS), the standard error for skewness (SE SK), and standard error for kurtosis 
(SE KS) of the eleven orientation dimensions are displayed in Table 6. One notable 
finding is that U.S. developers had higher means than Chinese and Russian developers 
across all orientations with the exception of “Comments” and “Post history”. Conversely, 
an inspection of the medians revealed approximately half of the developers did not 
display seven of the orientations, which had values of “0” for the median. For example, 
more than half the developers did not complete the “About Me” section. The mean was 
not equal to the median across the eleven orientations, indicating the orientations were 
not normally distributed. It should be noted that many of the median values were very 
close to 0 because a large proportion of the developers simply did not use the “About 
Me” feature of the Stack Overflow platform. In the following section, we use inferential 




Table 6 Exploratory Data Analysis of Developers’ Orientations 
Exploratory Data Analysis of Developers’ Orientations 
Orientation Country M Median SD SK KS SE SK SE KS 
AboutMe length US 88.33 0.00 231.47 6.02 55.82 0.00 0.01 
China 26.15 0.00 103.54 12.18 238.98 0.01 0.02 
Russia 44.83 0.00 161.24 10.09 179.53 0.01 0.03 
Duration on site 
(months) 
US 35.49 25.82 33.90 0.74 -0.56 0.01 0.03 
China 24.85 11.65 29.43 1.25 0.58 0.01 0.02 
Russia 36.29 22.21 37.83 0.85 -0.44 0.00 0.02 
Up votes US 67.44 0.00 399.89 23.79 1157.37 0.00 0.01 
China 15.14 0.00 132.30 27.49 1170.13 0.01 0.02 
Russia 56.82 0.00 415.02 41.36 2763.30 0.01 0.03 
Down votes US 8.44 0.00 239.57 112.85 17546.13 0.00 0.01 
China 1.17 0.00 34.30 86.23 10358.91 0.01 0.02 
Russia 3.60 0.00 56.01 48.46 3265.98 0.01 0.03 
Reputation US 722.08 6.00 7949.08 53.95 4394.94 0.00 0.01 
China 142.51 1.00 2694.45 116.82 17190.93 0.01 0.02 
Russia 409.21 1.00 4796.66 45.37 2608.95 0.01 0.03 
Views US 86.92 3.00 1517.16 119.02 18360.44 0.00 0.01 
China 18.13 0.00 319.13 88.09 9295.42 0.01 0.02 
Russia 44.75 2.00 422.52 45.77 2847.42 0.01 0.03 
Badges US 10.96 2.00 40.85 31.41 2198.05 0.00 0.01 
China 3.80 1.00 17.12 50.68 5030.93 0.01 0.02 
Russia 7.51 2.00 27.10 30.35 1650.19 0.01 0.03 
Comments US 1.93 0.00 15.16 72.84 7480.36 0.01 0.02 
China 5.72 0.00 57.97 54.19 4474.58 0.00 0.01 
Russia 3.39 0.00 28.30 71.96 6361.21 0.01 0.03 
P questions US 4.78 0.00 20.90 21.03 915.13 0.00 0.01 
China 1.70 0.00 9.81 19.66 580.53 0.01 0.02 
Russia 2.89 0.00 15.77 32.10 1692.53 0.01 0.03 
P answers US 14.70 0.00 254.46 159.43 34315.92 0.00 0.01 
China 3.11 0.00 38.22 68.00 6116.01 0.01 0.02 
Russia 9.50 0.00 94.26 42.21 2355.58 0.01 0.03 
Post history US 14.70 0.00 187.37 67.36 6362.80 0.01 0.02 
China 26.70 0.00 227.51 55.46 3912.10 0.00 0.01 
Russia 1.68 0.00 26.49 56.57 4057.27 0.01 0.03 
4.1.1 Data independence 
Table 7 illustrates the results of the Levene test of homogeneity of variance, which was 
conducted to test the independence of the three samples. The results were significant for 
the three countries, regardless of whether they were based on the mean, median, median 
with the adjusted degree of freedom, or trimmed mean. Therefore, the null hypothesis 
was rejected, and there was sufficient evidence to show that the eleven orientations had 




Table 7 Homogeneity of Variance Test Results for Orientations 
Homogeneity of Variance Test Results for Orientations 
Orientation Criteria Levene Stat. p-value 
AboutMe length Based on mean 2982.29 <0.01  
Based on the median 1362.86 <0.01  
Based on median and with adjusted df 1362.86 <0.01  
Based on trimmed mean 2044.86 <0.01 
Duration on site Based on mean 2574.81 <0.01  
Based on the median 1662.51 <0.01  
Based on median and with adjusted df 1662.51 <0.01  
Based on trimmed mean 2439.94 <0.01 
Up votes Based on mean 762.09 <0.01  
Based on the median 272.64 <0.01  
Based on median and with adjusted df 272.64 <0.01  
Based on trimmed mean 345.52 <0.01 
Down votes Based on mean 65.69 <0.01  
Based on the median 19.83 <0.01  
Based on median and with adjusted df 19.83 <0.01  
Based on trimmed mean 21.14 <0.01 
Reputation Based on mean 275.13 <0.01  
Based on the median 99.22 <0.01  
Based on median and with adjusted df 99.22 <0.01  
Based on trimmed mean 113.23 <0.01 
Views Based on mean 109.47 <0.01  
Based on the median 42.06 <0.01  
Based on median and with adjusted df 42.06 <0.01  
Based on trimmed mean 47.01 <0.01 
Badges Based on mean 919.61 <0.01  
Based on the median 473.69 <0.01  
Based on median and with adjusted df 473.69 <0.01  
Based on trimmed mean 576.14 <0.01 
Comments Based on mean 564.52 <0.01  
Based on the median 216.48 <0.01  
Based on median and with adjusted df 216.48 <0.01  
Based on trimmed mean 261.86 <0.01 
P questions Based on mean 744.13 <0.01  
Based on the median 386.19 <0.01  
Based on median and with adjusted df 386.19 <0.01  
Based on trimmed mean 433.41 <0.01 
P answers Based on mean 107.67 <0.01  
Based on the median 40.91 <0.01  
Based on median and with adjusted df 40.91 <0.01  
Based on trimmed mean 46.17 <0.01 
Post History Based on mean 635.13 <0.01  
Based on the median 263.95 <0.01  
Based on median and with adjusted df 263.95 <0.01  
Based on trimmed mean 310.14 <0.01 
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4.1.2 Normality test 
The Kolmogorov-Smirnov normality test (Kaur & Kumar, 2015) was used to determine 
whether the distributions were parametric or non-parametric, and the results are shown 
in Table 8. The results of the Kolmogorov-Smirnov test for the eleven metrics were 
significant across the three countries. Therefore, there was sufficient evidence to reject 
the null presumption and approve the alternative hypothesis, which states that the data 
was not normally distributed. Based on these results, we utilised a non-parametric test to 
compare the eleven orientations across the three countries. 
Table 8 Kolmogorov-Smirnov Normality Test Results for Orientations 
Kolmogorov-Smirnov Normality Test Results for Orientations 
Orientation Country Statistic p 
AboutMe length U.S. 0.35 <0.01 
China 0.40 <0.01 
Russia 0.39 <0.01 
Duration on site U.S. 0.16 <0.01 
China 0.19 <0.01 
Russia 0.14 <0.01 
Up votes U.S. 0.43 <0.01 
China 0.45 <0.01 
Russia 0.44 <0.01 
Down votes U.S. 0.48 <0.01 
China 0.48 <0.01 
Russia 0.47 <0.01 
Reputation U.S. 0.46 <0.01 
China 0.47 <0.01 
Russia 0.46 <0.01 
Views U.S. 0.47 <0.01 
China 0.47 <0.01 
Russia 0.45 <0.01 
Badges U.S. 0.39 <0.01 
China 0.41 <0.01 
Russia 0.39 <0.01 
Comments U.S. 0.47 <0.01 
China 0.46 <0.01 
Russia 0.48 <0.01 
P questions U.S. 0.41 <0.01 
China 0.43 <0.01 
Russia 0.42 <0.01 
P answers U.S. 0.45 <0.01 
China 0.47 <0.01 
Russia 0.47 <0.01 
Post history U.S. 0.47 <0.01 
China 0.45 <0.01 
Russia 0.47 <0.01 
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4.1.3 Three Independent Sample Test: Kruskal-Wallis Test 
The results of the Kruskal-Wallis test are displayed in Table 9. The Kruskal-Wallis check 
is a non-parametric test employed to determine if there is a significant statistical 
difference among more than two independent samples (Vargha & Delaney, 1998). The 
findings suggested there was a significant statistical difference in the orientations of 
developers across the three countries. The subsequent section uses the Mann-Whitney 
test to further test for differences in developers’ orientations between pairs of countries. 
Table 9 Kruskal-Wallis Test Results for Orientations 
Kruskal-Wallis Test Results for Orientations 
Orientation Country Mean Rank Chi-square df p 
AboutMe 
length 
U.S. 74624.77    
China 61708.01 4010.356 2 <0.01 
Russia 64617.38    
Duration  
on site 
U.S. 72173.89    
China 62070.71 1949.087 2 <0.01 
Russia 45613.15    
Up votes U.S. 73666.25    
China 60221.06 4243.140 2 <0.01 
Russia 72055.18    
Down votes U.S. 71981.17    
China 65022.74 2393.490 2 <0.01 
Russia 70846.31    
Reputation U.S. 75208.03    
China 57039.64 5911.730 2 <0.01 
Russia 70826.82    
Views U.S. 76176.04    
China 54544.38 7592.133 2 <0.01 
Russia 71014.41    
Badges U.S. 76147.24    
China 55275.66 6877.029 2 <0.01 
Russia 69743.23    
Comments U.S. 56534.48    
China 77171.98 13206.411 2 <0.01 
Russia 59594.51    
P questions U.S. 75730.91    
China 58530.84 5479.561 2 <0.01 
Russia 67177.20    
P answers U.S. 73497.50    
China 60596.44 3425.781 2 <0.01 
Russia 72137.34    
Post history U.S. 55591.25    
China 80093.23 19839.151 2 <0.01 
Russia 50306.98    
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4.1.4 Two Independent Sample Test: Mann-Whitney Test 
The two independent samples Mann-Whitney test was applied to the three pairs of 
countries: U.S.-China, U.S.-Russia, and China-Russia. The results are displayed in Table 
10 for the U.S. and China. The results suggest the differences between U.S. and Chinese 
developers were statistically significant. The mean rankings indicate the U.S. developers 
had a longer “AboutMe length”, had used the site longer, as evidenced by the “Duration 
on site” orientation, received more “Up votes” and “Down votes”, had a higher 
“Reputation”, received more profile “Views”, were awarded more “Badges”, and posted 
more questions (“P questions”) and answers (“P answers”). On the other hand, Chinese 
developers provided more “Comments” and edited more posts (“Post history”) than U.S. 
developers. 
Table 10 Mann-Whitney Test Results for Orientations between the U.S. and China 
Mann-Whitney Test Results for Orientations between the U.S. and China 
Orientation Country U Z p 
AboutMe length U.S. 64228.28 -58.70 <0.01 
 China 52958.04   
Duration on site U.S. 63465.90 -38.72 <0.01 
 China 54846.53   
Up votes U.S. 64349.73 -64.82 <0.01 
 China 52657.20   
Down votes U.S. 62726.35 -48.94 <0.01 
 China 56678.47   
Reputation U.S. 65539.26 -76.95 <0.01 
 China 49710.62   
Views U.S. 66396.67 -87.04 <0.01 
 China 47586.74   
Badges U.S. 66207.75 -82.88 <0.01 
 China 48054.70   
Comments U.S. 50070.37 -89.97 <0.01 
 China 65394.03   
P questions U.S. 65199.76 -72.85 <0.01 
 China 50551.60   
P answers U.S. 64209.40 -58.01 <0.01 
 China 53004.82   
Post history U.S. 45737.75 -109.89 <0.01 
 China 67143.10   
Looking at the other outcomes, as shown in Table 11, the results suggest the 
orientations differed significantly between U.S. and Russian developers. The mean 
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rankings indicate that U.S. developers had the longest “AboutMe length”, received more 
“Up votes” and “Down votes”, had a higher “Reputation”, received more profile 
“Views”, were awarded more “Badges”, posted more questions (“P questions”) and 
answers (“P answers”), and edited more posts (“Post history”) than Russian developers. 
Conversely, Russian developers used the site longer, as evidence by the “Duration on 
site” orientation, and provided more “Comments” than U.S. developers. 
Table 11 Mann-Whitney Test Results for Orientations between the U.S. and Russia 
Mann-Whitney Test Results for Orientations between the U.S. and Russia 
Orientation Country U Z p 
AboutMe length U.S. 53843.98 -34.40 <0.01 
 Russia 46393.05   
Duration on site U.S. 52155.49 -9.28 <0.01 
 Russia 54449.75   
Up Votes U.S. 52764.02 -5.79 <0.01 
 Russia 51546.11   
Down Votes U.S. 52702.33 -5.76 <0.01 
 Russia 51840.49   
Reputation U.S. 53116.27 -13.89 <0.01 
 Russia 49865.36   
Views U.S. 53226.87 -16.01 <0.01 
 Russia 49337.60   
Badges U.S. 53386.98 -19.68 <0.01 
 Russia 48573.64   
Comments U.S. 40801.39 -71.38 <0.01 
 Russia 54225.45   
P questions U.S. 53618.65 -26.91 <0.01 
 Russia 47468.24   
P answers U.S. 52735.60 -4.76 <0.01 
 Russia 51681.73   
Post history U.S. 56397.63 -100.90 <0.01 
 Russia 34208.31   
Finally, as shown in Table 12, the test results suggest the orientations differed 
significantly between Chinese and Russian developers. The mean rankings indicate that 
Russian developers had the longer “AboutMe length”, used the site longer as evidence 
by the “Duration on site” orientation, received more “Up votes” and “Down votes”, had 
a higher “Reputation”, received more profile “Views”, were awarded more “Badges”, 
and posted more questions (“P questions”) and answers (“P answers”) than Chinese 
developers. Conversely, Chinese developers edited more posts (“Post history”) and 
provided more “Comments” than Russian developers. 
62 
 
Table 12 Mann-Whitney Test Results for Orientations between China and Russia 
Mann-Whitney Test Results for Orientations between China and Russia 
Orientation Country U Z p 
AboutMe length China 26289.98 -9.46 <0.01 
 Russia 27330.33   
Duration on site China 24764.18 -39.19 <0.01 
 Russia 30269.40   
Up Votes China 25103.87 -43.95 <0.01 
 Russia 29615.08   
Down Votes China 25884.27 -34.97 <0.01 
 Russia 28111.82   
Reputation China 24869.02 -42.97 <0.01 
 Russia 30067.45   
Views China 24497.65 -47.79 <0.01 
 Russia 30782.81   
Badges China 24760.97 -40.60 <0.01 
 Russia 30275.59   
Comments China 27064.14 -20.69 <0.01 
 Russia 25839.09   
P questions China 25519.24 -28.48 <0.01 
 Russia 28814.97   
P answers China 25131.62 -38.58 <0.01 
 Russia 29561.61   
Post history China 27393.50 -27.91 <0.01 
 Russia 25204.67   
4.2 Results for RQ2 (Attitude) 
This section explains the results for RQ2, which examined developers’ attitudes as 
evident in their “AboutMe” linguistic profile. The descriptive statistical analysis for the 
psycholinguistic marks of developers are displayed in Table 13. An examination of the 
results for the first category of pronouns reveals several notable findings. Overall, the 
words “I” and “You” were used more frequently than the word “We”, as indicated by the 
reported mean and median values. Also, U.S. developers were more individualistic and 
used the pronoun “I” more frequently than Chinese and Russian developers. Conversely, 
Chinese and Russian developers were more collectivistic and used the pronouns “You” 
and “We” more frequently. 
The second category, the cognitive dimension, includes words indicative of 
insightfulness (e.g., think, believe, consider), certainty (e.g., definitely, extremely, 
always) and discrepancy (e.g., should, would, could), tentativeness (e.g., maybe, perhaps, 
apparently). Table 13 reveals that Chinese developers used insightful words more 
frequently than Russian and U.S. developers. Conversely, U.S. developers had the 
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highest linguistic mean score for discrepancy words, compared to Chinese and Russian 
developers. For tentative words, developers from China had a higher linguistic mean 
score than those from Russia and the U.S. Furthermore, for words indicative of certainty, 
U.S. developers had a linguistic mean score that was higher than that for Russian and 
Chinese developers. 
The third category is work and achievement. This category consists of words related 
to work (e.g., feedback, goal, delegate) and achievement (e.g., accomplish, attain, 
resolve). U.S. developers had higher mean scores for work and achievement words than 
Russian and Chinese developers. 
The fourth category is leisure, social, and positive emotion. Chinese developers used 
leisure words more frequently than U.S. and Russia developers. Furthermore, social 
words (e.g., give, buddy, and love) were used more frequently by Chinese developers 
than by Russian and U.S. developers. Words conveying positive emotion (e.g., beautiful, 
eager, and relax), were also used more frequently by Chinese developers than by 
developers from the U.S. and Russia.  
Finally, words conveying negative emotions were used more frequently by U.S. 
developers than by their Chinese and Russian counterparts. 
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Table 13 Exploratory Data Analysis of Developers’ Linguistics 
Exploratory Data Analysis of Developers’ Linguistics 
Category Variable Country M Median SD SK KS SE SK SE KS 
Pronouns I US 2.10 1.27 2.58 1.68 4.20 0.00 0.01  
China 1.75 1.61 1.54 0.55 2.33 0.00 0.00  
Russia 1.92 1.73 1.82 0.92 2.86 0.00 0.01 
We US 0.11 0.00 0.50 6.96 69.89 0.00 0.01  
China 0.13 0.00 0.53 6.78 69.02 0.00 0.00  
Russia 0.12 0.00 0.53 7.32 81.43 0.00 0.01 
You US 1.48 0.27 2.21 2.16 6.63 0.00 0.01  
China 1.96 1.30 2.30 1.54 3.46 0.00 0.00  
Russia 1.68 0.91 2.18 1.81 4.77 0.00 0.01 
Cognitive Insight US 1.56 1.04 1.83 2.20 8.92 0.00 0.00  
China 1.72 1.18 2.20 2.68 14.3 0.00 0.01  
Russia 1.59 1.13 1.92 2.09 8.45 0.00 0.01 
Discrep US 1.80 1.47 1.78 1.56 14.14 0.00 0.00  
China 1.55 1.14 1.77 1.88 6.13 0.00 0.01  
Russia 0.63 0.00 1.20 3.54 21.73 0.00 0.01 
Tentat US 2.18 1.71 2.24 1.83 4.41 0.00 0.00  
China 4.03 3.85 1.24 1.75 8.67 0.00 0.01  
Russia 2.54 2.33 2.27 1.52 6.72 0.00 0.01 
Certain US 1.47 0.93 1.92 2.41 10.35 0.00 0.01  
China 0.72 0.00 1.23 3.34 21.33 0.00 0.01  
Russia 0.90 0.50 1.27 2.86 19.48 0.00 0.00 
Work and 
Achievement 
Work US 2.38 1.78 2.57 2.18 8.38 0.00 0.01  
China 1.52 1.14 1.71 1.75 5.03 0.00 0.01  
Russia 2.35 1.32 2.17 2.05 6.76 0.00 0.00 
Achieve US 1.92 1.89 1.76 2.61 3.82 0.00 0.01  
China 1.21 0.72 1.55 2.19 2.27 0.00 0.00  




Leisure US 0.36 0.00 1.11 5.93 57.79 0.00 0.00  
China 0.82 0.00 1.30 3.03 17.62 0.00 0.01  
Russia 0.36 0.00 1.19 6.12 59.82 0.00 0.01 
Social US 1.27 0.80 1.69 2.48 11.68 0.00 0.01  
China 4.38 3.77 3.34 1.30 3.17 0.00 0.00  
Russia 3.80 3.04 3.48 1.58 4.40 0.00 0.01 
Posemo US 1.75 1.33 1.96 2.21 10.97 0.00 0.00  
China 2.46 1.75 2.79 2.05 7.69 0.00 0.01  
Russia 1.78 1.20 2.26 2.63 13.79 0.00 0.00 
Negative Negemo US 0.62 0.00 1.21 3.61 23.05 0.00 0.01  
China 0.55 0.00 1.04 3.71 25.49 0.00 0.00  
Russia 0.37 0.00 1.23 6.03 55.01 0.00 0.01 
The statistical summary of the linguistic analysis indicates there were significant 
differences in both the means and medians among developers from the three countries. 
Given the sample sizes and the normality violations in the data indicated by the 
Kolmogorov-Smirnov test, we used a Kruskal-Wallis test to further examine statistically 
significant differences among developers’ attitudes. 
65 
 
4.2.1 Linguistics three Independent Sample Test: Kruskal-Wallis 
The Kruskal-Wallis test was utilised to check for differences in the linguistic categories 
among developers from the three countries. The results are displayed in Table 14. 
Overall, the three independent samples test using Kruskal-Wallis reported that the 
software developer samples from the three investigated countries exhibited different 
attitudes in their “About Me” profiles on the Stack Overflow platform. In the next section, 
the Mann-Whitney test provides comparisons of the attitudes between each pair of 
countries. 
Table 14 Kruskal-Wallis Test Results for Linguistics 
Kruskal-Wallis Test Results for Linguistics 
Category Variable Country Mean Rank Chi-square df Asymp. Sig. 
Pronouns I U.S. 1071944.85 3387.62 2 <0.01 
 China 970339.45    
 Russia 1036591.72    
 We U.S. 1016062.30 972.62 2 <0.01 
 China 1035829.77    
 Russia 1020954.03    
 You U.S. 893919.75 14256.49 2 <0.01 
 China 1054179.08    
 Russia 973189.06    
Cognitive Insight U.S. 1002186.70 507.47 2 <0.01 
 China 1035808.46    
 Russia 1030884.23    
 Discrep U.S. 1091796.58 129789.43 2 <0.01 
 China 986168.64    
 Russia 609860.16    
 Tentat U.S. 901724.90 45713.87 2 <0.01 
 China 1274567.20    
 Russia 1014470.81    
 Certain U.S. 1185959.35 23738.47 2 <0.01 
 China 911483.31    
 Russia 1024929.72    
Work and  Work U.S. 1052951.62 18752.69 2 <0.01 
achievement China 868639.51    
 Russia 1039959.41    
 Achieve U.S. 1297399.10 50916.56 2 <0.01 
 China 959026.02    
 Russia 1005742.90    
Leisure, Leisure U.S. 980926.09 85316.75 2 <0.01 
Social, China 1296347.23    
and Russia 1003669.93    
emotion Social U.S. 465536.27 226454.01 2 <0.01 
  China 1110495.82    
  Russia 985566.56    
 Posemo U.S. 991632.14 9663.09 2 <0.01 
  China 1147536.88    
  Russia 1021808.04    
Negative Negemo U.S. 1059339.80 30543.89 2 <0.01 
  China 1053508.36    
  Russia 849192.81    
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4.2.2 Linguistics two Independent Sample Test: Mann Whitney test 
The results of the Mann-Whitney test for the differences between U.S. and Chinese 
developers are displayed in Table 15. The findings suggested that there were significant 
differences between U.S. and China developers in their frequency of pronoun usage 
(including “I”, “You”, and “We”). U.S. developers used the pronoun “I” more frequently 
than the Chinese members, which is indicative of higher individualistic language. 
Conversely, Chinese developers used the pronouns “You” and “We” more frequently, 
indicating that Chinese developers from collectivistic cultures may be more collaborative 
and delegate more often than developers from the U.S. 
Similarly, significant differences were revealed in the use of words indicative of 
insightfulness, discrepancy, tentativeness, and certainty. Developers from China were 
more dominant in using words indicative of insightfulness and tentativeness than 
developers from the U.S. On the other hand, developers from the U.S. used words 
suggesting discrepancy and certainty more frequently than those from China. 
In the work and achievement category, U.S. developers were more dominant in using 
work and achievement words than Chinese developers. For the leisure, social, and 
positive emotion category, the results of the Mann-Whitney test indicated that Chinese 
developers used words reflecting leisure as well as social and positive emotion words 
more frequently than developers from the U.S. Finally, the results indicated that 
developers from the U.S. were more emotionally negative due to a greater frequency of 
using words reflecting negative emotion than developers from China. 
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Table 15 Mann-Whitney Test Results for Linguistics between the U.S. and China 
Mann-Whitney Test Results for Linguistics between the U.S. and China 
Category Variable Country M Z p 
Pronouns I U.S. 953122.28 -24.18 <0.01 
 China 921199.27   
 We U.S. 912030.01 -18.07 <0.01 
 China 925343.78   
 You U.S. 794110.22 -107.93 <0.01 
 China 937237.01   
Cognitive Insight U.S. 89684.84 -22.63 <0.01 
 China 926901.56   
 Discrep U.S. 932836.42 -70.47 <0.01 
 China 837741.48   
 Tentat U.S. 830190.70 -76.26 <0.01 
 China 933597.99   
 Certain U.S. 933597.49 -79.86 <0.01 
 China 830195.64   
Work and  Work U.S. 925124.44 -8.10 <0.01 
achievement China 914204.77   
 Achieve U.S. 928116.17 -32.81 <0.01 
 China 884542.21   
Leisure, Leisure U.S. 905101.04 -21.63 <0.01 
Social, China 926042.63   
emotion Social U.S. 821985.12 -82.69 <0.01 
  China 934425.59   
 Posemo U.S. 898750.13 -20.81 <0.01 
  China 926683.17   
Negative Negemo U.S. 929610.87 -5.04 <0.00 
  China 923570.60   
A similar analysis was conducted for U.S. and Russian developers and the results are 
shown in Table 16. U.S. developers used the pronoun “I” more frequently than Russian 
developers. However, U.S. developers used the pronouns “You” and “We” less 
frequently than Russian developers. Within the cognitive category, developers from 
Russia used words indicative of insightfulness and tentativeness more frequently than 
those from the U.S. Conversely, developers from the U.S. used discrepancy and certainty 
words more frequently than those from Russia. For the work and achievement category, 
developers from the U.S. used work and achievement words more frequently than their 
Russian counterparts. For the leisure, social, and positive emotion category, Russian 
developers used words reflecting leisure, as well as social and positive emotion words 
more frequently than those from the U.S., who used negative words more frequently. 
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Table 16 Mann-Whitney Test Results for Linguistics between the U.S. and Russia 
Mann-Whitney Test Results for Linguistics between the U.S. and Russia 
Category Variable Country M Z p 
Pronouns I U.S. 954849.95 -50.48 <0.01 
 Russia 893804.57   
 We U.S. 931796.84 -26.93 <0.01 
 Russia 949943.49   
 You U.S. 881805.36 -61.20 <0.01 
 Russia 956399.57   
Cognitive Insight U.S. 944024.23 -3.531 <0.01 
 Russia 948364.40   
 Discrep U.S. 998417.66 -358.19 <0.01 
 Russia 556445.89   
 Tentat U.S. 920330.32 -193.33 <0.01 
 Russia 1161101.02   
 Certain U.S. 1080110.44 -124.92 <0.01 
 Russia 930789.73   
Work and  Work U.S. 967284.68 -137.26 <0.01 
achievement Russia 797518.45   
 Achieve U.S. 1186236.52 -219.99 <0.01 
 Russia 917084.23   
Leisure, Leisure U.S. 917084.80 -286.27 <0.01 
Social,  Russia 1186232.12   
Positive  Social U.S. 423957.22 -474.23 <0.01 
Emotion  Russia 1015527.73   
 Posemo U.S. 934582.36 -94.20 <0.01 
  Russia 1050742.93   
Negative Negemo U.S. 969395.26 -174.12 <0.01 
  Russia 781175.59   
The Mann-Whitney test was also performed for developers from China and Russia, 
and the results are presented in Table 17. Within the pronouns category, developers from 
Russia used the pronoun “I” more frequently than Chinese developers. However, Chinese 
developers use the pronouns “You” and “We” more frequently than Russian developers. 
Within the cognitive category, Chinese developers used words indicative of 
insightfulness and discrepancy more frequently than Russian developers. On the other 
hand, Russian developers used words indicative of tentativeness and certainty more 
frequently than Chinese developers. Within the work and achievement category, the two 
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countries also demonstrated different patterns. Russian developers were more dominant 
than Chinese developers in terms of using the words in this category. Conversely, 
Chinese developers used words associated with leisure, as well as social and positive 
emotion words more frequently than developers from Russia. Finally, for the negative 
emotion category, Chinese developers employed more words reflecting negative 
emotions than Russian developers. 
Table 17 Mann-Whitney Test Results for Linguistics between China and Russia 
Mann-Whitney Test Results for Linguistics between China and Russia 
Category Variable Country Mean Rank Z p 
Pronouns I China 18494.88 -53.35 <0.01 
 Russia 20348.57   
 We China 19359.02 -5.021 <0.01 
 Russia 19267.45   
 You China 19979.70 -44.40 <0.01 
 Russia 18447.52   
Cognitive Insight China 19527.99 -14.15 <0.01 
 Russia 19026.86   
 Discrep China 23309.16 -29.31 <0.01 
 Russia 16182.26   
 Tentat China 22187.18 -82.25 <0.01 
 Russia 15620.20   
 Certain China 16595.66 -40.37 <0.01 
 Russia 21425.91   
Work and  Work China 17953.06 -86.78 <0.01 
achievement Russia 21042.64   
 Achieve China 15915.81 -69.74 <0.01 
 Russia 21957.59   
Leisure, Leisure China 21852.11 -84.81 <0.01 
Social, Russia 16049.05   
emotion Social China 24824.45 -75.18 <0.01 
  Russia 14999.06   
 Posemo China 20520.95 -77.63 <0.01 
  Russia 17754.01   
Negative Negemo China 21439.93 -33.97 <0.01 
  Russia 17642.22   
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4.3 Results for RQ3 (Interaction and knowledge sharing) 
This section presents the results for RQ3, which examined the interaction and knowledge 
sharing behaviours among developers from individualistic and collectivistic cultures. For 
RQ3, we used directed content analysis to categorise interaction and knowledge sharing 
behaviours among developers from the three countries (U.S., China and Russia). 
Developers’ posts were coded and transformed into numbers, which were analysed using 
frequency counts and percentages. We also sought to triangulate the results with those of 
the quantitative analysis presented earlier (for orientation and attitudes). 
Figure 8 provides an aggregated summary of the differences in developers’ interaction 
and knowledge sharing behaviours across the three countries. The total frequency count 
(“Total Count”) and percentages are presented for each category of interaction and 
knowledge sharing behaviour. The frequencies can be compared vertically across 
countries in order to see which country had the highest or lowest number of instances for 
a given category of behaviour. The percentages can be compared horizontally to 
determine the most and least common categories of behaviour for each country. The 
behaviours were coded into the following thirteen categories (see section 3.13): type 1 
question, type 2 question, answer, information exchange, discussion, comment, 




Figure 8. Aggregated interactions and knowledge sharing coding categories 
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Looking at Figure 8(a), U.S. developers were the most likely to ask type 1 or direct 
questions. U.S. developers asked a total of 156 direct questions comprising 8.51% of 
their interaction and knowledge sharing behaviours, which was the highest frequency and 
percentage among the three countries. Russian developers had the second highest 
frequency and percentage as presented in Figure 8(b), asking 129 direct questions (or 
7.68%), whereas Chinese developers had the lowest frequency and percentage as 
presented in Figure 8(c), asking only twenty-seven direct questions (or 1.27%). Although 
U.S. developers were more likely to ask direct questions than Russian and Chinese 
developers, asking direct questions was not the most dominant category of behaviour for 
U.S. developers, as type 1 questions ranked fifth in both the frequency and percentage of 
their interaction and knowledge sharing behaviours. Similarly, type 1 questions ranked 
fifth among Russian developers. Conversely, for Chinese developers, asking type 1 
questions ranked tenth among the thirteen behavioural categories. Overall, the results 
suggested that U.S. and Russian developers were similar in terms of their willingness to 
ask direct questions, although the U.S. was slightly more dominant. However, Chinese 
developers were far less willing to ask direct questions than their U.S. and Russian 
counterparts. 
Similarly, U.S. developers were more dominant than Russian and Chinese developers 
in providing answers to direct questions. U.S. developers provided a total of 363 answers, 
which constituted 19.80% of their interaction and knowledge sharing behaviours. 
Russian developers had the second highest frequency and percentage, providing 109 
answers to knowledge seekers (or 6.49%), whereas Chinese developers had the lowest 
frequency and percentage, providing just twelve answers (or 0.57%). Among U.S. 
developers, answers ranked second among the thirteen behavioural categories. In 
contrast, answers ranked twelfth (second lowest) among Chinese developers. Finally, 
Russian developers were more moderate than their U.S. and Chinese counterparts, and 
answers ranked seventh in both the frequency and percentage of their interaction and 
knowledge sharing behaviours. 
U.S. developers were also more dominant in the instruction category. U.S. developers 
provided instructions 187 times (or 10.20%). Among all thirteen behavioural categories, 
instruction ranked fourth in the interaction and knowledge sharing behaviours of U.S. 
developers. Instruction ranked sixth among Russian developers, who provided a total of 
111 instructions (or 6.61%). Instruction was used the least by Chinese developers, for 
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whom it ranked eighth among the thirteen behavioural categories. Overall, Chinese 
developers gave a total of fifty-six instructions (or 2.64%). 
The final category in which the U.S. developers dominated over Chinese and Russian 
developers was in the off-task category, which encompassed communication unrelated 
to the current task or post. U.S. developers had the highest frequency for this category, 
with a total of forty interactions (or 2.18%). However, the off-task category was used 
relatively infrequently among U.S. developers and ranked ninth among the thirteen 
behavioural categories. Russian developers had the second highest frequency and 
percentage for the off-task category, with a total of thirty-one interactions (or 1.85%). 
Similar to U.S. developers, Russian developers used off-task behaviours relatively 
infrequently, with the off-task category ranking tenth in their interaction and knowledge 
sharing behaviours. Finally, for Chinese developers, the off-task category was ranked the 
lowest of all thirteen behavioural categories and used the least frequently, accounting for 
just twelve interactions (or 0.57%). 
Conversely, Chinese developers dominated over U.S. and Russian developers in the 
asking of type 2 or indirect questions. Specifically, Chinese developers asked a total of 
ninety-nine indirect questions (or 4.67%), which was more than the number of indirect 
questions asked by Russian and U.S. developers, who asked seventy-five (or 4.47%) and 
fourteen indirect questions (or 0.76%), respectively. Among Chinese developers, indirect 
questions ranked sixth among their interaction and knowledge sharing behaviours. In 
contrast, type 2 questions ranked thirteenth (the lowest) among U.S. developers and 
eighth among Russian developers. Indirect questions ranked slightly lower than direct 
questions among Russian developers (eighth and fifth, respectively), reflecting the 
moderate preference of Russian developers for direct questioning. 
Chinese developers were also more willing than U.S. and Russian developers to share 
knowledge with others. Specifically, Chinese developers participated in a total of 235 
information exchanges (or 11.10%), which was higher than their U.S. and Russian 
counterparts who participated in a total of 131 (or 7.15%) and twenty-four information 
exchanges (or 1.43%), respectively. This finding was somewhat paradoxical, given that 
Chinese developers engaged in information exchange the most frequently, but were also 
the least inclined to provide answers to direct questions, as described earlier in this 
section. Overall, information exchange ranked fourth among Chinese developers. 
Conversely, Russians were the least likely to engage in information exchange and this 
category ranked eleventh in their interaction and knowledge sharing behaviours. 
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Information exchange ranked sixth among U.S. developers, suggesting they regularly 
engaged in information exchange. 
Chinese developers were also the most likely to engage in discussion. Specifically, 
Chinese developers initiated a total of 531 discussions (or 25.07%), and discussions 
ranked second in their interaction and knowledge sharing behaviours. The Chinese 
preference for initiating discussions was higher than that of U.S. and Russian developers, 
who initiated a total of 333 (or 18.17%) and 380 discussions (22.63%), respectively. 
Among Russian developers, the discussion category ranked second among the thirteen 
behavioural categories. Among U.S. developers, discussions ranked third. Interestingly, 
discussion was in the top three ranks for all three countries. 
Comments ranked first among the interaction and knowledge sharing behaviours 
expressed by developers from the three countries. However, Chinese developers 
dominated this category by providing a total of 580 comments (or 27.38%). Russian and 
U.S. developers provided a total of 510 (or 25.61%) and 370 comments (or 20.19%), 
respectively. Interestingly, the fact that comments ranked first among the interaction and 
knowledge sharing activities of all countries indicates a similarity among the developers 
of the three countries. 
China also dominated the scaffolding category. Scaffolding is the activity of providing 
advice to others. China developers scaffolded a total of 310 times (or 14.64%) and 
scaffolding ranked third in their interaction and knowledge sharing behaviours. 
Scaffolding also ranked third among Russian developers, who scaffolded a total of 163 
times (or 9.71%). Finally, U.S. developers scaffolded a total of seventy-three times (or 
3.98%) and scaffolding ranked eighth among their interaction and knowledge sharing 
behaviours. 
Chinese developers also gave praise and expressed gratitude more often than 
developers from the other two countries. Gratitude ranked fifth in the interaction and 
knowledge sharing behaviours of Chinese developers. As shown in Figure 8, China made 
a total of 119 expressions of gratitude (or 5.62%), which was considerably more than that 
of the U.S. and Russian developers. Russian developers made a total of forty-seven 
expressions of gratitude (or 2.80%) and gratitude ranked ninth among the thirteen 
behavioural categories. U.S. developers expressed gratitude the least frequently, with 
only twenty-one gratitude expressions (or 1.15%). Accordingly, gratitude ranked 
eleventh among U.S. developers. 
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Chinese developers also dominated the apology category. Specifically, Chinese 
developers made a total of sixty-seven apologetic responses (or 3.16%) and this category 
ranked seventh among their interaction and knowledge sharing activities. Conversely, 
U.S. and Russian developers used this category infrequently. As shown in Figure 8, U.S. 
and Russian developers made a total of twenty-six (or 1.42%) and fifteen apologetic 
responses (or 0.89%), respectively. Accordingly, apology ranked tenth and thirteenth (the 
lowest) among U.S. and Russian developers, respectively. 
Russian developers were found to self-evaluative or be reflective more than 
developers from the other two countries. In particular, Russian developers made a total 
of 142 self-evaluations (or 8.46%) and reflection ranked fourth among their thirteen 
behavioural categories. U.S. developers made a total of 102 self-evaluations (or 5.56%), 
and reflections ranked seventh among their interaction and knowledge sharing 
behaviours. Despite Chinese developers’ willingness to share knowledge, provide 
comments, and generate discussions, Chinese developers practiced self-evaluation less 
intensively than their U.S. and Russian counterparts and provided only fifty-two 
reflections (or 2.46%). Accordingly, reflection ranked ninth in the interaction and 
knowledge sharing behaviours of Chinese developers. 
The categories used in this study adequately represented developers’ interaction and 
knowledge sharing behaviours across the three different countries. The not-coded 
category captured any behaviours that were beyond the scope of the other twelve 
categories. The results indicate the frequency and percentage of behaviours assigned to 
this category was low across all three countries. For U.S. developers, there was a total of 
seventeen not-coded behaviours (or 0.93%), suggesting that the remaining 99.07% of 
behaviours were successfully categorised. Among Russian developers, the not-coded 
category was also low, and included a total of twenty-three behaviours (or 1.37%), which 
implies that 98.63% of the interaction and knowledge sharing behaviours were assigned 
to the established categories. Finally, the not-coded category among Chinese developers 
consisted of eighteen instances (or 0.85%), which implied that 99.15% of the behaviours 
were able to be categorised. 
In summary, the comparison of the frequencies and percentages displayed in Figure 8 
demonstrated that U.S. developers were the most likely to ask questions directly (“Type 
1 question”), respond to knowledge-deficit seekers (“Answer”), provide directions to 
others (“Instruction”), and express unrelated communications (“Off-Task”). Russian 
developers were the most likely to engage in self-evaluative (“Reflection”) and non-
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coded behaviours (“Not coded”) throughout their process of interaction. Finally, Chinese 
developers were the most likely to engage in indirect questioning (“Type 2 question”), 
share knowledge with others (“Information exchange”), engage in discussions 
(“Discussion”), provide comments (“Comment”), express gratitude for the help of other 
members (“Gratitude”), and offer apologies to other members (“Apology”). 
Also, Figure 8 illustrates several noticeable trends among the three countries. Over half 
of the interactions of Chinese developers (52.45%) were comments (“Comment”) and 
discussions (“Discussion”), which were the subject of slightly less than half (48.24%) of 
the interactions of Russian developers, and only 38.36% of the interactions of U.S. 
developers. Also, 11.10% of the interactions of Chinese developers were to exchange 
knowledge with other members (“Information exchange”), which constituted a 
considerably smaller share of the interactions of U.S. and Russian developers, at 7.15% 
and 1.43%, respectively. Conversely, nearly one in five of the interactions (19.80%) of 
U.S. developers were answers (“Answer”) to direct questions, which constituted only 
6.49% and 0.57% of the interactions of Russian and Chinese developers, respectively. 
4.4 Chapter summary 
This chapter presented the results for the three RQs. In the first phase (RQ1 and RQ2), 
we analysed quantitative data, while in the second phase (RQ3), we analysed qualitative 
data that was transformed into quantitative data for further analysis. For RQ1 and RQ2, 
results were presented for exploratory data analysis, Kruskal-Wallis statistical tests, and 
Mann-Whitney statistical tests at a 5% significance level.  
Section 4.1 addressed RQ1 regarding the orientation patterns of developers from the 
U.S., China, and Russia. Developers from the U.S. had higher scores than those from 
China and Russia on all of the orientations except for “Duration on site”, “Comments”, 
and “Post history”. Specifically, the results showed that Russian developers had been 
using the Stack Overflow platform for a longer average period of time than U.S. and 
Chinese developers. Furthermore, developers from China provided more comments on 
posts and edited posts more frequently than the U.S. and Russian developers. 
In section 4.2 we addressed RQ2 by employing linguistic analysis to understand 
developers’ behaviour and attitudes. Our findings demonstrated that U.S. developers 
were dominant in using “I”, as well as in the use of discrepancy, certainty, work, and 
achievement words. Furthermore, developers from China displayed a higher likelihood 
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to employ the pronouns “We” and “You”, and were also more likely to use words 
indicative of insightfulness, tentativeness, leisure, social, and positive emotion. Finally, 
developers from Russia were more likely than Chinese developers to use the pronoun 
“I”, and words suggestive of certainty, work, and achievement. 
In section 4.3, we focused on comparing the knowledge sharing of developers from 
the three countries for RQ3. Our analysis showed that U.S. developers were more 
dominant in terms of type 1 (direct) questions, delivering an answer, instruction, and off 
task discourse. Chinese developers were more dominant in terms of type 2 (indirect) 
questions, information exchange, discussion, comments, gratitude, and apology. Russian 
developers were dominant in reflection and non-coded activities and were also more 
dominant than U.S. developers in the following categories: type 2 questions, comments, 
scaffolding, and gratitude. 





In the present chapter, we discuss the findings reported in the results chapter (Chapter 4). 
In section 5.1, we review the preliminary results regarding developers’ orientations from 
individualistic and collectivistic cultures (RQ1). In section 5.2, we discuss the linguistic 
analysis findings which focused on the attitude patterns of developers (RQ2). In section 
5.3, we consider the content analysis outcomes that examined developers’ interaction and 
knowledge sharing patterns (RQ3). Finally, in section 5.4, we provide a summary of the 
current chapter. 
5.1 Orientation (RQ1) 
The first research question “What is the orientation of software development practitioners 
from collectivistic cultures compared to that of their counterparts from individualistic 
cultures?” explored the cultural orientation of a sample of software developers from the 
U.S., China, and Russia—three countries that differ considerably on Hofstede’s 
individualism cultural dimension. Our measurements of orientation were based on 
developers’ artefacts from the Stack Overflow platform, a popular website that enables 
members to ask and answer SE related questions. We found significant differences in the 
length of the self-description orientation among the three groups of developers, with U.S. 
developers providing significantly longer self-descriptions than their Russian and 
Chinese counterparts. This finding suggests that U.S. developers may be more expressive 
than their Russian and Chinese counterparts in describing themselves in a way that 
enhances their public image as technology leaders. As Hofstede et al. (2010) reported, 
countries that rank higher on the individualistic dimension put more emphasis on 
personal accomplishments, which can be highlighted in self-descriptions. Conversely, 
Chinese and Russian developers may lack interest in self-presentation since it is not a 
priority in their more collectivistic culture. Also, the need to write a self-description in 
English may create a language barrier that serves to discourage Chinese and Russian 
developers from creating a self-description (Baumeister & Hutton, 1987; Wilczewski, 
Gut, & Gorbaniuk, 2017). Hence, software companies from more collectivistic cultures 
may need to take a more proactive approach to inform their developers of the benefits of 
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self-descriptions and assisting them with the creation of self-descriptions that can direct 
the development wheel and influence developers from other countries (Fox, 2019; 
Matsumoto & Juang, 2016; Ramzan & Amjad, 2017). They may also need to provide 
language services for the optimal translation of self-descriptions written in developers’ 
native language into English. 
The actual content from the developers’ self-descriptions likely influences the number 
of views they receive. Our findings indicate that the U.S. developers received 
significantly more profile views than the Russian and Chinese developers. The longer 
self-descriptions of U.S. developers may translate into better marketing, which is 
consistent with the high number of profile views they received. As a result, U.S. 
developers may be viewed by more potential clients and have a wider variety of job 
opportunities from which to choose. Through the use of their self-descriptions, software 
developers can leverage a broad audience to publicise information about innovative 
projects they and their companies are currently working on, allowing them to generate 
interest in future products. Self-descriptions also allow developers to create an extensive 
social network for collaborating with other developers and keeping abreast of 
developments in the field. 
Although U.S. developers had more extended profiles and more profile views, Russian 
developers had been using the Stack Overflow platform for the most extended period, 
with an average of slightly more than three years. This finding is reflected in the fact that 
Russia is one of the highest-ranked countries in the world based on the proportion of its 
people who use online technologies (Bank, 2019b). Chinese developers had been using 
the platform for about 10-12 months less than the developers from Russia and the U.S., 
suggesting that Chinese developers may have less-developed social networks. A targeted 
and focused approach to developing the social networks of Chinese developers, including 
an emphasis on further developing their self-descriptions, as discussed earlier, may help 
them to bridge the gap between them and their Russian and U.S. counterparts. 
Although Russian developers had the longest use of the Stack Overflow website, U.S. 
developers had higher values than their Russian and Chinese counterparts on other 
orientations. Specifically, software developers from the U.S. asked and answered more 
questions and received more up votes than Russian and Chinese developers. This finding 
might be related to the higher likelihood of developers from the U.S. to exhibit 
extroverted behaviours (e.g., confidence and flexibility). Also, the individualistic natures 
of U.S. developers may cause them to stress the importance of individual tasks, making 
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them nimble in asking and answering questions and up voting. Conversely, Chinese 
developers may not see the benefits of up and down voting because voting does not 
directly contribute to the group goal of obtaining an acceptable solution to a technical 
problem. In the future, developers from more collectivistic cultures may become more 
quickly acclimated to the social features of Stack Overflow if they are provided with an 
initial explanation of why the features are used and how some developers have initially 
had more practice in their use simply because of their cultural backgrounds. This 
explanation may encourage developers to respond more actively to individual questions 
and focus less on conforming to the group decision-making process and social norms that 
are emphasised in collective cultures (Earley, 1993). Research suggests that individuals 
from collectivistic cultures are not only more group orientated but also less trusting of 
other group members (Liu, Morris, Talhelm, & Yang, 2019), which could manifest itself 
in online behaviour as avoidance of asking or answering questions in a way that allows 
other developers to judge them harshly or unfairly, such as through down voting and 
ultimately avoid loss of face. Consequently, developers from collectivistic cultures may 
see the benefit of interacting with online platforms as a small community of people, rather 
than as individual developers. Future research is also needed to explore whether 
developers from collectivistic cultures are more likely to engage in asking and answering 
questions and voting as they gain trust in other group members and gain experience in 
using online platforms like Stack Overflow. 
Consistent with the finding that U.S. developers posted and responded to more 
questions and made more up votes than their Russian and Chinese counterparts, U.S. 
developers also accumulated higher reputations and more badges. To the extent that 
software developers wish to be “superstars” within their technical specialisation and to 
become well-known within the entire development community, access to U.S. developers 
is likely to be a huge asset. However, the ability to excel individually is not synonymous 
with having outstanding groupwork skills. If software developers wish to identify team 
players who work exceptionally well with others, they may need to rely not only on a 
developer’s online profile and accomplishments but also on their social reputation among 
developers they have worked with on previous projects within the development 
community. 
Although U.S. developers posted the most questions and answers, they provided the 
least commenting and editing of posts. Developers from China provided by far the most 
comments and edits. This finding may reflect the collectivistic nature of Chinese 
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developers, in which they strive toward a well-integrated community. In commenting 
and editing, Chinese developers may have embellished the posts or added contextual 
information consistent with the norms of the high-context Chinese culture (Hall, 1976), 
in which communication tends to be indirect. High-context cultures are also sensitive to 
disagreement that is indirectly expressed and seek to resolve it before moving forward, 
which may have compelled them to edit or comment on a post as a solution to decrease 
potential conflict. 
Conversely, communication is shorter and more direct and task-oriented in the low-
context U.S. culture. Prior studies have suggested that members from collectivistic 
societies prefer indirect communication, which has a favourable impact on decision-
making processes. At the same time, people from individualistic cultures are more 
confrontational and direct in their communication (Earley, 1993). The next section 
examines how the individualism cultural dimension influences developers’ attitudes. 
5.2 Attitude (RQ2) 
The second research question “Do the attitudes of software development practitioners 
from collectivistic cultures differ from those who come from individualistic cultures? If 
so, what is the magnitude of these differences?” examined the attitudes of developers 
from individualistic versus collectivistic cultures. The results reviewed in this section are 
mostly exploratory, and the goal of the discussion is to promote an understanding of how 
developers from different cultures behave in social settings. Ultimately, the findings 
could be used to improve development environments and community configurations for 
collaboration in SE. 
The analysis of developer attitudes was conducted through a linguistic analysis of the 
types of words used by developers and included the following categories: (1) pronouns 
(I, we, you), (2) cognitive language (insightful, discrepancy, tentative, and certainty type 
of words), (3) work and achievement-related language, (4) leisure, social, and positive 
language, and (5) negative language. We examined the frequency distribution of words 
by category to determine whether developers from individualistic cultures show different 
attitudes in their linguistic profile than those from collectivistic cultures. 
Our first set of findings from the linguistic analysis concerned developers’ pronoun 
usage. Specifically, we found that developers from the U.S. used the word “I” more 
frequently than developers from China and Russia. This conclusion aligns with the 
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findings from prior studies reporting that the comparatively high utilisation of self-
references is related to individualistic demeanour (Licorish, 2013, p. 127; Licorish & 
MacDonell, 2013c; Pennebaker et al., 2001; Pennebaker et al., 2003; Stone & 
Pennebaker, 2002; Tausczik & Pennebaker, 2010). The use of first singular personal 
pronouns reflects self-focused attitudes among community members. It suggests that 
developers from the U.S., an individualistic culture, are more self-focused than 
developers from China and Russia, which are more collectivistic cultures. Also, this 
finding suggests that developers who exhibit more individualistic attitudes than others 
depend heavily on themselves to maintain work tasks, meaning they are more task-
focused. Developers who are task-focused tend to occupy a central position within the 
SE community by maintaining a neutral balance among all community members 
(Licorish, 2013, p. 177). Our findings regarding the use of first-person singular pronouns 
also suggest that Russian developers are less individualistic than U.S. developers but 
more individualistic than Chinese developers. Therefore, we would expect Russian 
developers to be well-positioned to serve as mediators between developers with 
individualistic and collectivistic attitudes. 
The analysis of pronoun words also revealed that the developers from China 
dominated in the use of the pronouns “we” and “you”. This conclusion aligns with the 
findings from previous studies reporting that the use of first-person plural pronouns such 
as “we” among individuals with close relationships is most prevalent in collectivistic 
countries (Licorish, 2013, p. 152; Licorish & MacDonell, 2013c; Pennebaker et al., 2003; 
Stone & Pennebaker, 2002). Employing the second-person pronoun “you” in exchanged 
communications can imply the level to which participants of a group depend on each 
other or their overall perception of one another (Pennebaker et al., 2001; Pennebaker et 
al., 2003). Hence, the more frequent use of the word “you” among developers from 
China, a collectivistic culture, suggests they are more reliant on one another than 
developers from the U.S. and Russia, which are more individualistic countries. This inter-
reliance among Chinese developers may be manifested in the form of more intense 
cooperation among them, which reflects a group-focus rather than self-focus. As with 
our first finding, developers from Russia were in between those from China and the U.S. 
in their frequency of using the pronouns “we” and “you”, suggesting that Russia may 
have a balanced culture in terms of the individualism dimension. Overall, the pattern of 
findings revealed in the pronoun usage of developers, as evidenced in their artefacts from 
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the Stack Overflow platform, is consistent with the individualism dimension of 
Hofstede’s cultural theory. 
Our second set of findings concerned developers’ use of cognitive language. André et 
al. (2011) reported that software development environments were the most successful 
and productive when several of their group members had significant cognitive and 
problem-solving capabilities. The results of André et al. (2011) indicated that the usage 
frequency for cognitive words is correlated with practical task analysis and brainstorming 
capabilities. Our analysis demonstrated that Chinese developers were dominant in terms 
of using insightful words (e.g., think, believe, consider, determined, admitted, idea). The 
tendency of developers from China, which is a collectivistic culture, to use more 
insightful words indicates how these developers prioritise group coordination since these 
are words typically used during a discussion, problem-solving session, or confirmation 
process, all of which are group activities. This finding is consistent with Hofstede’s 
cultural dimensions theory, which suggests that collectivistic cultures are more group-
focused than individualistic cultures. 
Developers from China also used tentative words (e.g., maybe, perhaps, apparently, 
chance, appears, hopeful) more frequently than developers from Russia and the U.S. This 
finding suggests that Chinese developers, who are from a collectivistic culture, were 
more tentative in their actions and used tentative words more often to express ideas and 
suggestions indirectly in their software development artefacts. Conversely, U.S. 
developers, who are from an individualistic culture, used certainty words significantly 
more frequently than developers from China and Russia, including terms such as 
“definitely”, “always”, “extremely”, “absolute”, and “certain”. U.S. developers also used 
more discrepancy words (e.g., should, prefer, needed). The use of certainty and 
discrepancy words represents a direct and confrontational attitude, and frequent usage of 
certainty and discrepancy words displays an individualistic demeanour. For example, 
developers from individualistic cultures might say “I prefer you do the following”, which 
is direct and self-focused. 
In contrast, those from collectivistic cultures may be more likely to say “perhaps it is 
better to consider the following”, which is indirect and not self-focused. As suggested by 
this example, developers from individualistic cultures may be more demanding than 
those from collectivistic cultures, as reflected in the use of demanding phrases such as 
“should”, “prefer”, “needed”, “problem”, and “regardless”. Overall, our results for 
cognitive words indicate that developers from individualistic cultures may be more 
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demanding and certain in their communication throughout the software development 
process, making them confrontational and task-focused. In contrast, those from 
collectivistic cultures may behave more tentatively and communicate insightfully to 
maintain group collaboration. 
Our third set of findings was for the work and achievement linguistic category. Work 
words include “job”, “feedback”, “majors”, “goal”, “xerox”, “overtime”, “program”, and 
“duty”. Achievement-related language includes “accomplish”, “win”, “attain”, 
“success”, “closure”, “overcome”, “resolve”, “better”, “obtain”, “solve”, “finalise”, and 
“fulfil”. Evidence suggests that individuals who are interested in task fulfilment and task 
completion use work and achievement words more often than those who do not share the 
same concerns (Benne & Sheats, 1948). We analysed the use of work and achievement 
words to determine if there were differences among developers in their level of concern 
with task completion, which is associated with individualistic traits. Consistent with 
Hofstede’s theory, developers from the U.S. dominated the use of work and achievement 
words. Developers from collectivistic cultures may use words reflecting task completion 
less frequently merely due to their indirect communication style, which is highly 
contextual and less task-focused overall. Alternatively, the tendency of developers from 
collectivistic cultures toward a group-focus may lead them to de-emphasise achievement 
and other topics that detract from or diminish the group collective. Besides focusing more 
on work and achievement-related words, U.S. developers were found to be more 
concerned with achievement linguistics. This greater emphasis on achievement 
linguistics may be driven by the desire of developers from individualistic cultures to 
position themselves as leaders in their local and global communities. It may also be 
because they work in a competitive environment in which individuals are required to 
operate at their highest levels to sustain their positions within an organisation. 
Previous work has noted that highly ambitious individuals tend to be results-driven 
(Denning, 2013). Those people are often dedicated to achieving success in any given 
situation (Chang et al., 2013). Well-established role theories and documented role 
principles have already demonstrated that task-driven people aid in moving software 
development processes towards objectives and goals (Belbin, 2011; Benne & Sheats, 
1948). Thus, the results of previous studies are consistent with the current findings, which 
indicate that developers from cultures that ranked highly on Hofstede’s individualism 
dimension were highly self-focused and outcome-oriented, as evidenced by their high 
usage of task, work, and achievement-related language. 
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Our fourth set of findings was for the use of three linguistic categories: leisure, social, 
and positive emotion. The leisure category is essentially the opposite of work and is 
employed to emphasize the proportional frequency of non-task related attitudes 
(Licorish, 2013, p. 85). Also, individuals who are social and carry positive emotions in 
their communicated linguistics are said to exercise their group skill set to enhance their 
environmental atmosphere (Benne & Sheats, 1948; Zhu, 1996). Our findings revealed 
that Chinese developers used leisure, social, and positive emotion words more frequently 
than Russian and U.S. developers. Through communication related to leisure, social, and 
positive emotion, developers from China may have demonstrated attitudes that 
strengthened group cohesion and generated more positive emotion among their 
colleagues. Research has shown that group moods supporting group optimism usually 
promote group satisfaction and cooperation, particularly in collective, social, and 
encouraging processes. Such motivational dynamics have a significant positive effect on 
productivity and performance of the community (Denning, 2013). A social affiliation 
climate has also demonstrated that it promotes members’ to contribute and builds rapport 
(Chang et al., 2013). Thus, the more significant usage of leisure, social, and positive 
emotion words by Chinese developers suggests that developers from collectivistic 
societies may be particularly skilled in fostering a positive mood among the group, which 
can foster group cohesion and may ultimately lead the group to be more productive. 
Finally, the fifth set of findings was for the word category of negative emotions. 
Negative emotions are expressed through words such as “afraid”, “hate”, “dislike”, 
“shock”, “stupid”, and “terrified”. This type of linguistic pattern is commonly employed 
to investigate personnel that make a negative contribution to the social behavioural 
ambience of the community (Chang et al., 2013; Chen et al., 2006; Denning, 2013; 
Fischer et al., 2007; Maass, 1999; Maass, Salvi, Arcuri, & Semin, 1989; Rastogi & 
Nagappan, 2016; Yilmaz, 2016). Findings from the current study demonstrated that U.S. 
developers were the most frequent users of words indicative of negative emotions. As 
previously discussed, U.S. developers were also the least frequent users of leisure, social, 
and positive emotion words. The expression of negative sentiment may have an adverse 
impact on group coherence and the community ambience. The high usage of negative 
emotion words by U.S. developers may be related to the fact that the U.S. is a highly 
individualistic country where citizens tend to be self-focused and less concerned with 
group climate and cohesiveness. Also, Chinese developers had the second-highest 
frequency of negative emotion words. A potential disadvantage of living in a highly 
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collectivistic country that is tied to strong cultural customs is a sense of deprived freedom 
that may be reflected through negative linguistics. It is said that those who express 
substantial negative emotions tend to be unsatisfied and distressed (Denning, 2013; 
FitzPatrick et al., 2004; Goldberg, 1993; Maute & Dubés, 1999; Woodroof & Burg, 
2003), which may explain why Chinese developers displayed more negative emotion 
words than Russian developers. In general, a substantial body of scholarly research infers 
that negative moods have a deleterious effect on group work outcomes (Chebat et al., 
2010; Denning, 2013; Goguen, 1993; Goldberg, 1993; Zeelenberg & Pieters, 2004). 
Software developers should be aware that regardless of the cultural background of the 
group, a positive mood among community members tends to make them not only more 
cohesive but also more productive, and a negative mood has the opposite effect, making 
them less connected to one another and less productive. The next section discusses the 
results of interaction and knowledge sharing behaviour among developers. 
5.3 Interaction and knowledge sharing behaviour (RQ3) 
The third research question “How does the process of interaction and knowledge sharing 
compare between software development practitioners from collectivistic cultures versus 
those from individualistic cultures?” explored the interaction and knowledge sharing 
patterns of developers from collectivistic versus individualistic cultures. Through the use 
of content analysis, findings revealed that developers from individualistic cultures were 
the most likely to ask direct questions to resolve a knowledge deficit and provide answers 
in response to such direct questioning, while developers from collectivistic cultures were 
the most likely to ask indirect questions and respond to them. Developers from 
collectivistic cultures were also more likely to engage in knowledge sharing and 
discussion. These findings might indicate that developers from collectivistic cultures are 
the most likely to engage in group-building and take steps to increase the cohesion of SE 
communities. 
The content analysis for this study classified knowledge sharing behaviour into 
thirteen categories: type 1 question, answer, type 2 question, comment, information 
exchange, discussion, reflection, scaffolding, instruction, gratitude, off task, apology, and 
not coded. A type 1 question and an answer are closely related: A type 1 question directly 
requests a solution or an answer to address a knowledge deficit, and an answer provides 
feedback or a response to a knowledge seeker. A type 2 question and a comment bear a 
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similar relationship: a type 2 question is an indirect question to initiate discussion, and a 
comment is a brief answer that would most often be given to a type 2 question. Our results 
indicated that U.S. developers were significantly more likely to use type 1 questions and 
answers than their Russian and Chinese counterparts. U.S. developers may have 
performed well in providing answers to direct questions because their individualistic 
culture values direct and task-focused behaviour. 
Conversely, Chinese developers used more type 2 questions and comments. Chinese 
developers may have been more likely to provide type 2 questions and comments because 
their collectivistic culture values indirect questioning and has a group focus. These 
outcomes align with those of previous research suggesting that developers from 
individualistic cultures favour direct and confrontational communications while 
developers from collectivistic cultures prefer indirect communications (Earley, 1993; 
Hofstede et al., 2010). These findings may be particularly relevant for building SE groups 
and communities, as well as developing relationships among SE professionals. 
Next, we explored cultural differences within the following categories of knowledge 
sharing behaviour: information exchange, discussion, and reflection. Information 
exchange occurs when developers announce or share knowledge, and discussion is the 
process of elaborating or expressing ideas. Within these two categories, developers from 
China exceeded their counterparts from Russia and the U.S., indicating that collectivistic 
cultures were more likely to share information with other developers and discuss 
implications of the information shared, which is consistent with the findings of previous 
studies (e.g., Arpaci and Baloğlu (2016)). Different findings emerged for the category of 
reflection, in which developers engage in self-evaluation. Developers from Russia 
engaged in reflection more frequently than those from China and the U.S. Previous 
research suggests that self-reflection or “brooding” is a characteristic commonly 
associated with the Russian culture (Grossmann & Kross, 2010). In the study by 
Grossmann and Kross (2010), Russians were more likely than Americans to demonstrate 
adaptive self-reflection in which they self-distanced when analysing their feelings about 
a particular event. The ability to self-distance was a key feature of their self-reflection 
that helped the Russians avoid distress as a result of their reflection. Therefore, the 
finding that Russian developers had the highest ratings for reflection may be due to the 
tendency of Russian citizens to frequently engage in self-reflection that is flexible and 
adaptive and is not associated with a higher likelihood of anxiety or depression. 
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Overall, these findings indicate that developers from collectivistic cultures are more 
active in exchanging or transferring information. Their behaviours can be explained by a 
group mentality that is typically inherent in cultures with lower ranks of individualism 
(Hofstede, 2001). These findings also align with prior evidence indicating that developers 
from China were more engaged in leading discussions than developers from the U.S., 
and also more engaged in discussions in which information, ideas, and thoughts were 
exchanged as part of their interaction and knowledge sharing processes. 
Chinese developers also demonstrated the highest frequencies for the categories of 
apology (e.g., expressing remorse) and gratitude (e.g., giving appreciation). These 
findings may be related to the fact that China is a collectivistic culture that is a group 
focused and tends to assign higher priority to group collaboration than individualism 
(Hofstede et al., 2010). Showing appreciation and giving an apology are essential for 
maintaining group cohesiveness, including during the interaction and knowledge sharing 
process. 
We also explored cultural differences in the instruction and scaffolding categories. 
Instruction refers to giving directions or commands, while scaffolding refers to the 
process of providing a proposition or advice. Interestingly, while these categories are 
similar, the findings differed by culture. U.S. developers were the most likely to give 
commands or instructions. Conversely, Chinese developers were the most likely to 
provide scaffolding. Russian developers ranked in the middle in both the instruction and 
scaffolding categories. Both of these findings are consistent with Hofstede’s cultural 
dimensions theory (Hofstede et al., 2010). The dominance of the U.S. in providing 
instruction that is more authoritative, less friendly, and more individualistic is consistent 
with the high ranking of the U.S. culture on the individualism dimension. In contrast, 
giving advice is less authoritative and friendlier to ensure that community collaboration 
is well-maintained. This behaviour is consistent with the collectivistic and group-oriented 
culture of China. Overall, these results converged with the cognitive and social linguistic 
categories that were revealed throughout the linguistic review stage of this research. 
Finally, we explored the off task and not coded categories. The off-task category is 
defined as communication that is unrelated to the current task or post, while not coded 
refers to any communication that cannot be assigned to any of the other twelve categories. 
The findings indicated that U.S. developers engaged in more unrelated communications 
during interaction and knowledge sharing processes than developers from China and 
Russia. This finding that developers from an individualistic culture were more engaged 
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in unrelated communications than developers from collectivistic cultured countries 
emerged, perhaps being more self-focused means that individuals are more susceptible 
to state what is on their mind. Developers from Russia had the highest scores for the not 
coded category. This finding simply indicates there could be other categories beyond 
what has been defined in this study that significantly impact interaction and knowledge 
sharing within a particular culture. 
5.4 Chapter summary 
In summary, our findings indicated that U.S. developers from an individualistic culture 
tended to provide longer self-descriptions and were more likely to ask questions, answer 
posts, and engage in up and down voting than their counterparts from the more 
collectivistic cultures of China and Russia. Also, U.S. developers demonstrated the 
highest reputations and most badge acquisitions, despite ranking lower than the Russian 
developers in the time spent using the Stack Overflow platform. Conversely, developers 
from the collectivist culture of China provided more commenting and editing than 
developers from the more individualistic cultures of the U.S. and Russia. Overall, the 
pattern of findings supported the idea that a different cultural orientation (i.e., an 
individualistic versus. collectivistic orientation) contributed to the differences in 
orientations and attitudes observed between the three groups of developers. U.S. 
developers achieved the highest individual scores, whereas developers from Russia and 
China were more supportive of community cohesion and collaborative online culture. 
For software developers to produce groups that can work together effectively as a 
community and have visibility from across the field, they will likely need developers 
from both cultures to harness their strengths and produce better software products. 
Overall, the results of the content analysis converged with those of the linguistic 
analysis. Chinese developers from a collectivistic culture consistently emphasised the 
group through the use of “we” and “you” pronouns and social words indicative of leisure 
and positive emotions, as well as the avoidance of negative words harmful to a positive 
group dynamic. Similarly, Chinese developers exhibited knowledge sharing behaviours 
that were group-orientated and focused on indirect communication, such as asking 
indirect questions and providing comments on such questions, engaging in information 
exchange and discussion, scaffolding, and issuing an apology or expressing gratitude to 
their colleagues more frequently than developers from the more individualistic cultures 
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of the U.S. and Russia. Insightful words were also used the most frequently by Chinese 
developers, which is an indication of their emphasis on group-related processes. 
Conversely, U.S. developers from an individualistic culture scored higher in work and 
achievement-related linguistics and the frequent use of direct questions and responses to 
them. U.S. developers used the “I” pronoun the most frequently, which indicated their 
self-focus. They also used certainty and negative words the most frequently and were the 
most directive in their artefacts. Overall, the patterns within the orientations, attitudes, 
and knowledge sharing behaviours of the developers from China, Russia, and the U.S. 
were consistent with Hofstede’s cultural theory (Hofstede et al., 2010). 






This study emphasised the importance of studying cultural factors in the field of software 
development. We staged an extensive investigation into the communication artefacts of 
software developers who participate in online platforms. This chapter presents a 
conclusion to this work and is structured as follows. Section 6.1 offers retrospections 
regarding the major study findings and forms the foundation for subsequent sections. 
Section 6.2 presents the contributions of this study to enhance cultural theory, literature 
in SE, and use of a pragmatic methodology. Section 6.3 evaluates the study and includes 
an overview of its limitations and threats to validity, and section 6.4 provides 
implications for software development management as well as future research. 
6.1 Retrospections 
This section reviews the study’s results and discussion from Chapters 4 and 5 and has 
two subsections. Section 6.1.1 summarises the quantitative phase of the study and 
outlines the findings from the sample of culturally distributed software developers from 
the U.S., China, and Russia in terms of their orientation (RQ1) and attitude patterns 
(RQ2). Section 6.1.2 focuses on the qualitative phase of the study and outlines the 
developers’ interaction and knowledge sharing patterns (RQ3). 
6.1.1 Quantitative phase of the study 
To answer the first research question “What is the orientation of software development 
practitioners from collectivistic cultures compared to that of their counterparts from 
individualistic cultures?”, we investigated the thirteen orientation patterns of software 
developers from different cultures. The results suggested that developers who ranked 
higher in Hofstede’s individualism dimension such as the U.S. scored higher on most of 
the orientations, except commenting, duration on-site, and editing. In particular, U.S. 
developers had longer profile self-description, posed more questions, provided more 
answers, provided more up and down votes, had higher reputations, and acquired more 
badges than developers from the more collectivistic cultures of Russia and China, which 
enabled them to become highly reputable sources of information in the online software 
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development community provided by the Stack Overflow platform. This high level of 
orientation reflected the individualistic nature of U.S. developers who are self- and task-
focused. Conversely, developers from countries that ranked lower in the individualism 
dimension such as Russia and China were more concerned than U.S. developers with 
sustaining group cohesion and norms. Consequently, developers from Russian and China 
spent a more significant proportion of their time observing the decisions made by other 
community members and participating indirectly when necessary through commenting 
and editing posts. This outcome is consistent with the study findings conducted by Earley 
(1993), who reported that people from collectivist cultures lean more towards indirect 
communications that facilitate better decision-making processes, while people from 
individualistic cultures are more confrontational and engage in direct communication. 
This retrospection related to RQ1 and was answered through statistical data analysis 
presented in section 4.1. 
Previous research has reported that a small number of developers display dominant 
behavioural characteristics during software development (Bazelli et al., 2013; Novielli et 
al., 2014), but there is little research on the relationship between these behavioural 
characteristics and developers’ culture. Thus, psycholinguistic analysis techniques were 
used to study the attitudes of developers from the U.S., Russia, and China to answer the 
second research question (RQ2) “Do the attitudes of software development practitioners 
from collectivistic cultures differ from those who come from individualistic cultures? If 
so, what is the magnitude of these differences?”. The results confirmed previous research 
findings, which suggest that U.S. developers have individualistic tendencies that are self- 
and task-focused and excel in linguistic categories that reflect work, achievement, and 
self-expression (Gendolla, Abele, Andrei, Spurk, & Richter, 2005). U.S. developers also 
expressed negative emotion more frequently in their development artefacts, which aligns 
with the results of previous studies suggesting that negative attitudes are cultivated by 
people who display a high level of concern with achieving objectives (Benne & Sheats, 
1948; Chang et al., 2013; Denning, 2013). Conversely, developers from collectivist 
cultures such as China and Russia expressed more delegation and collectivist language 
along with ranking highly in social, leisure, and positive linguistic categories, which 
suggests they rely on one another to promote a social and positive community 
atmosphere. However, developers from collectivist cultures had lower rankings in 
linguistic categories related to work and achievement. Developers from China and Russia 
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were also more insightful and tentative than developers from the U.S., who were more 
certain and directive in their communications. 
6.1.2 Qualitative phase of the study 
In the qualitative phase of the study, we investigated culturally distributed developers’ 
interaction and knowledge sharing patterns using content analysis to answer the third 
research question (RQ3) “How does the process of interaction and knowledge sharing 
compare between software development practitioners from collectivistic cultures versus 
those from individualistic cultures?”. The findings demonstrated that developers from 
individualistic cultures asked more type 1 (direct) questions and gave more answers and 
instructions than those from collectivist countries. Conversely, developers from 
collectivist cultures initiated more discussions, which is consistent with them being more 
group-oriented. Collectivist developers also asked more type 2 (indirect) questions, 
provided more comments, engaged in more exchanges of information, sent more 
apologies and expressions of gratitude, engaged in more reflection (self-evaluation), and 
provided more advice, while also emphasising higher group collaboration in their 
interaction and knowledge sharing. This finding suggests that developers from 
collectivistic cultures engage heavily in their communication, which results in them 
being significant contributors to their communities (Kanawattanachai & Yoo, 2007; 
Palazzolo, Serb, She, Su, & Contractor, 2006). 
6.2 Research contribution 
This section describes the research contributions of this study. The potential theoretical 
contributions of this work, which are detailed in section 6.2.1, include the foundations of 
subsequent theories based on the orientation patterns of culturally distributed developers 
and the value they add to their development communities. This study also offers 
contributions to SE literature, as summarised in section 6.2.2. Finally, section 6.2.3 
summarises the contributions of this study to the pragmatic methodological framework 
and offers several specific recommendations for researchers using data obtained from 
software development repositories. 
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6.2.1 Contributions to the theory 
Although the analytical process is well known in numerous fields, such as the humanities 
(Kuhn, 1970) and philosophy and sciences (Davis, 1971; Dubin, 1978), the field of SE 
places less emphasis on the matter (Hannay, Sjoberg, & Dyba, 2007). Some scholars 
have suggested that this lack of focus on the development or use of existing theories has 
contributed to weak research results and a lack of maturity in the field of SE (Johnson et 
al., 2012). Conversely, researchers in the information systems (IS) field place more 
importance on the use of theory (Hannay et al., 2007; Morrison & George, 1995), which 
could be utilised in SE as well (Gregor, 2006). Theoretical frameworks influence the 
development of scientific questions and hypotheses for many studies, including the 
current one. The current study contributes to the theoretical frameworks related to 
quantitative and qualitative research in SE (Alavi et al., 2018; Hannay et al., 2007; 
Johnson & Onwuegbuzie, 2004). The contributions to theory from the quantitative 
perspective inform the understanding of both the orientation and attitude patterns of 
culturally distributed software developers. Moreover, the study replicated previous 
quantitative frequency-based methodologies such as the work carried out by Licorish and 
MacDonell (2014) and Abreu and Premraj (2009), which formed the basis for the in-
depth qualitative analysis phase that followed. 
The quantitative phase in this study also contributes to Hofstede’s cultural theory, and 
specifically to the individualism cultural dimension. The current findings revealed that 
U.S. developers who ranked the highest on the individualism dimension displayed 
individualistic markers as evidenced in their orientation and linguistic profile. U.S. 
developers had the highest scores on most orientations, suggesting that the characteristics 
of task- and self-orientation are proxies for individualism. These findings were supported 
by the linguistic analysis of software developers’ profiles, which indicated that U.S. 
developers frequently used individualistic language such as the personal pronoun “I” and 
words associated with work, achievement, and certainty. Conversely, developers from 
China and Russia who ranked lower on the individualism dimension were more group-
oriented and favoured indirect communications through commenting and post editing, 
which served to promote collectivistic traits. Collectivistic developers also used 
collectivist and delegation words more frequently, such as the pronouns “we” and “you”, 




The qualitative phase of this study contributes to SE theory through an understanding 
of the interaction and knowledge sharing patterns of culturally distributed developers. 
We found that countries with collectivistic cultures exchanged more information and 
initiated more discussion, which served to encourage group engagements. Conversely, 
developers from individualistic countries were more concerned in achieving objectives 
and less concerned with initiating discussions. Individualistic developers were also more 
authoritative and instructive, which is consistent with the individualism dimension of 
Hofstede’s theory. In summary, this study contributed to the quantitative and qualitative 
research in SE as well as to Hofstede’s individualism cultural theory, based on analyses 
of Stack Overflow practitioners’ artefacts (see Chapter 4). 
6.2.2 Contributions to literature in SE 
The current research makes numerous contributions to and supports existing SE literature 
through its investigation of geographically and culturally distributed developers. First, 
the findings of this study align with those from previous research (Bhat & Nagappan, 
2006; Bird et al., 2011; Nagappan & Ball, 2007; Tantithamthavorn, 2016; Wiklund et al., 
2017) and offer in-depth knowledge into the orientation patterns of culturally distributed 
developers as well as the cultural process of knowledge sharing between group members. 
For example, this work complements cultural studies such as that of Odipo (2004), who 
employed Hofstede’s model to study the effect of culture on software developers when 
adapting novel information systems. This study also builds upon the work of De Laat, 
Lally, Lipponen, and Simons (2007), Olson and Olson (2003), Belbin (2011), Cockburn 
and Highsmith (2001), Seddigi, Capretz, and House (2009) and Cunha, Canen, and 
Capretz (2009), who investigated developers’ behaviour and personality by geographical 
location and culture and concluded that developers’ behaviour differed significantly due 
to several factors, including cultural influences that affect the software development 
process. Similarly, this work replicated studies that investigated patterns in developers’ 
communications using a quantitative approach (Cataldo et al., 2006; Hanslo, Vahed, & 
Mnkandla, 2019; Yu et al., 2011). The study also adds to the SE literature by identifying 
culturally distributed orientation patterns in developers’ communications that align with 
findings from previous studies examining the culture and communication patterns of 
geographically distributed developers (Baltes & Diehl, 2019; Cataldo et al., 2006; Rosen 
& Shihab, 2016; Yu et al., 2011). Overall, this study’s investigation of developers’ 
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communications and their relationship to culture is consistent with the findings of 
numerous previous studies and offers insights into developers’ orientations, attitudes, and 
knowledge sharing behaviours. 
In this study, we found that developers who ranked highest on Hofstede’s 
individualism dimension had the highest orientation on Stack Overflow since they were 
highly task-focused. This conclusion is consistent with prior research (Cataldo & 
Herbsleb, 2008; Earley, 1993; Hofstede, 2011; Robles, Gonzalez-Barahona, & Herraiz, 
2009). This work also provided an overview regarding a wide range of research areas, 
including attitude and interaction and knowledge sharing patterns of culturally 
distributed developers using psycholinguistic analysis (Pennebaker et al., 2001; 
Pennebaker & King, 1999; Tausczik & Pennebaker, 2010) and directed contextual 
analysis approaches (Bengtsson, 2016; Henri & Kaye, 1992; Licorish, 2013, pp. 86-90; 
Zhu, 1996).  
The study also contributes to the literature through the employment of frameworks 
utilising a frequency-based analytical approach (Cataldo et al., 2006; Crowston et al., 
2006; Robinson, 2019; Shihab, Jiang, et al., 2009; Yu et al., 2011). This study is one of 
the first efforts to understand the influence of culture on software developers in the Open 
Source Software (OSS) community (Barua et al., 2014; Rigby & Hassan, 2007). 
Moreover, this work provided observations into OSS developers from different cultures, 
as well as enhancements to the research concerned with the use of extracted OSS 
repositories to study the processes within them (Adaji et al., 2019; Bachmann & 
Bernstein, 2009; Bird et al., 2006).  
The final contribution of this study to SE literature is the use of directed content 
analysis techniques to comprehend the mechanisms of interaction and knowledge sharing 
between developers within these cultures. As previously discussed in Chapter 2, research 
in the discipline of SE has traditionally investigated the human factors obtained from 
developers’ communication artefacts (data repositories) using the usual recurrence 
(frequency) mechanism (Abreu & Premraj, 2009; Bird et al., 2006). Although these 
methods are undoubtedly valuable, it is commonly assumed that these types of 
approaches would be more beneficial when triangulated with advanced contextual 
techniques (Bengtsson, 2016; Di Penta, 2012; Erlingsson & Brysiewicz, 2017; Johnson 
& Onwuegbuzie, 2004; Mohajan, 2018), and this idea is supported by IS scholars (Klein 
& Myers, 1999; Vessey, Ramesh, & Glass, 2002). This work adds to the literature in SE 
(Alavi et al., 2018; Johnson & Onwuegbuzie, 2004; Ramlo, 2016) by utilising an 
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incremental systematic approach that triangulates findings from both frequency-based 
and contextual perspectives. 
6.2.3 Contributions to the pragmatic methodological framework 
This study embraces the broad principle of pragmatic research when examining software 
developers’ artefacts (Licorish & MacDonell, 2013b; Ruhe, 2019; Russo & Stol, 2019) 
in order to contribute to the foundation of knowledge for SE. Existing methodological 
approaches may be insufficient for explaining some aspects of human cooperation in a 
specific culture or region (Runeson & Höst, 2009), which is an idea frequently cited by 
researchers investigating this phenomenon in SE development (Easterbrook et al., 2008; 
Goguen, 1993; Ramesh et al., 2004; Williams, Storey, Ernst, Zagalsky, & Kalliamvakou, 
2019; Winter, Forshaw, Hunt, & Ferrario, 2019).  
SE scholars, especially those examining group processes from communication 
artefacts stored in data repositories, have primarily utilised analysis techniques that are 
quantitative (Datta et al., 2010; Hinds & McGrath, 2006; Robinson, 2019; Saikiran & 
Simon, 2019), and such an approach is considered a limitation of these studies’ findings. 
Thus, researchers have promoted more flexible procedures for overcoming the 
limitations of a quantitative approach (Alavi et al., 2018; Johnson & Onwuegbuzie, 2004; 
Onwuegbuzie & Leech, 2005; Ramlo, 2016).  
This work employs a flexible procedure that involves both quantitative and qualitative 
approaches and utilises a case study scheme. The current results provide considerable 
insights for those planning to utilise a pragmatic procedure when studying software 
repository data (Bischofberger et al., 2004; Licorish & MacDonell, 2013b; Ruhe, 2019). 
Merging quantitative and qualitative approaches under a pragmatic umbrella enabled this 
study to reveal characteristics of group dynamics within a specific culture. Also, utilising 
this type of pragmatic procedure enabled us to triangulate findings across both 
approaches (Stake, 1995), which is significant given that investigating the behaviour of 
software developers within complex social development environments is considered 
difficult (Astromskis et al., 2017; Di Penta, 2012; Goguen, 1993; Kindler, 2010).  
The quantitative approach utilised statistical analysis to study developers’ orientation, 
which was followed by a more in-depth approach to supplement the statistical analysis. 
The second layer of analysis used in this study involved linguistic analytic techniques. 
Employing textual analytic techniques afforded richer, more in-depth understandings of 
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the data than the statistical analysis. Evidence from the textual analysis provided insights 
into OSS developers’ personalities and culturally distributed software developers (Adaji 
et al., 2019; Barua et al., 2014; Bazelli et al., 2013). We proposed a further 
methodological triangulation using a qualitative approach that employed content analysis 
to subjugate the shortcomings of the previous analysis methods. The combination of both 
textual techniques, linguistic and content analysis, produced many insights into mixed-
method research for repository data studies.  
Evidence from the qualitative phase of the investigation converged with the findings 
of the earlier quantitative phase, and the overall findings were consistent with Hofstede’s 
individualism dimension. In conclusion, multiple techniques were used throughout this 
research, including statistical, linguistic, and content analysis, which utilised a mixed-
methods research design within a pragmatic approach. This approach successfully 
addressed the threats and limitations affiliated with the exclusive use of quantitative or 
qualitative design. Nevertheless, this study suffers from several shortcomings, especially 
from those associated with case study designs. This is examined in greater detail in 
section 6.3. 
6.3 Research evaluation, limitations and threats 
Even though this research study provides new findings, it is similar to other case studies 
(Runeson & Höst, 2009) in that it has limitations that might be considered threats to 
validity. Runeson and Höst (2009) proposed the need for a thorough evaluation of any 
case study design, beginning with data collection and data analysis, and extending to the 
comprehensive assessment of the work’s findings. Likewise, Yin (2003) advised that 
conclusions based on a case study should be assessed through several layers of validity. 
Perry, Sim, and Easterbrook (2004) recommended that studies implementing a case 
design should draft research questions in the preliminary stages of the study to enhance 
the quality of the research. The authors also noted that the collection of the data should 
be consistent, and any assumptions about the data should be made explicit. Also, the 
research should present an organised interpretation of the studied phenomenon and also 
address concerns related to the threats to validity. Yin (2003) provides guidelines for 
evaluating the quality of a case study. Construct validity is also addressed extensively by 
Shadish, Cook, and Campbell (2002).  
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In this study, we evaluated developers’ artefacts through various communication 
channels that were obtained from Stack Overflow, which has the limitation that it may 
not include all of the developers’ communications due to the existence of other channels 
for private messages and chats between community members. The issue of 
communication among developers is complicated by the fact that Stack Overflow was 
formed as an OSS platform where software developers were expected to utilise the site 
publicly for the benefit of all members despite their distributed geographical location 
(Baltes & Diehl, 2019; Nguyen et al., 2008; Rosen & Shihab, 2016). Furthermore, 
although developers may send messages through private channels, prior evidence 
suggested that these type of messages were personal communications (Aral & Walker, 
2011; McChesney & Gallagher, 2004; Shihab, Bettenburg, et al., 2009). Also, in this 
study, developers’ orientation was measured using a frequency-based approach obtained 
from their artefacts. However, developers’ orientation is not evenly distributed, as some 
developers might engage in posts that are considered to be more computational and that 
require more complex intellectual effort, which is subsequently reflected in their overall 
orientation (Cataldo & Herbsleb, 2008; Choudhary, Bogart, Rose, & Herbsleb, 2020; 
Hackman, 1987). While such considerations may average out over an entire sample, there 
is still a need for additional investigation to consider the complexity of contributions 
made by individual developers using pair evaluation, where members of the software 
community evaluate each other’s contributions based on predefined scales. 
The concept of internal validity accounts for other confounding variables that may 
obscure the effects of the primary variables under observation (Runeson & Höst, 2009). 
This study utilised a case study design, which is commonly considered to be uncontrolled 
design. Hence, there are internal validity challenges inherent in this design (Blaikie & 
Priest, 2019; Creswell & Clark, 2017; Fetterman, 2019; Yin, 2003). Because this study 
utilised archival data, the threat of socially desirable responses was eliminated (Layman, 
Williams, Damian, & Bures, 2006; Stol, Ralph, & Fitzgerald, 2016). Also, the archival 
repository data examined in this study was not primarily prepared for a research purpose, 
which might have served as a potential risk factor to the internal reliability and credibility 
of this research (Runeson & Höst, 2009). Furthermore, the exploration of developers’ 
artefacts through more in-depth linguistic and directed content analysis served to 
triangulate the findings across the various stages of the study and mitigate the threats to 
internal validity. Moreover, other studies have affirmed the exemplary nature of archival 
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artefacts for investigating SE development proceedings (Ehrlich & Cataldo, 2012; El 
Mezouar, Zhang, & Zou, 2019; Schroter, 2010). 
The concept of external validity captures the degree to which we can expand the 
conclusions made in the study to the entire research field (Blaikie & Priest, 2019; 
Creswell & Clark, 2017; Fetterman, 2019; Yin, 2003). One of the main critiques of case 
study research is that threats to external validity are insufficiently addressed by careful, 
well-organised research methods (Runeson & Höst, 2009).  
Data from the quantitative phase of the study was obtained from the Stack Overflow 
platform and originated from three countries. However, the obtained data may not have 
been adequate to describe the entire population of developers in that country. Moreover, 
the development processes within a specific country might be focused on a specific 
technology on the Stack Overflow platform. However, that specific technology may not 
be the focus on other development platforms (e.g., SourceForge) within the same country. 
The developers in this study utilised the Stack Overflow platform to communicate about 
software development subjects such as software coding and design. This type of 
communication may be insufficiently mature at this stage when matched against 
communication from other software community groups such as Stack Exchange, Reddit, 
CodeProject, CodeRanch, Programmers Heaven, and FindNerd. Therefore, the outcomes 
presented by this work may not be representative of all software development situations 
(Potts, 1993; Runeson & Höst, 2009; Wikfeldt, 2016).  
In conformity with the work of Espinosa et al. (2006) and Jaanu et al. (2012), this 
study provided evidence that cultural and geographical variations influence the behaviour 
of software developers. However, there might be subcultural differences within a culture 
that have a direct effect on software development processes, impacting developers’ 
behaviour (Espinosa et al., 2006; Jaanu et al., 2012; Kozan, 2002; Oyserman, 2017). 
Research examining the impacts of cultural diversity on SE has discovered a few 
behavioural discrepancies between software developers operating within the same 
culture (Dafoulas & Macaulay, 2002; Espinosa et al., 2006; Horta et al., 2019; Shachaf, 
2008). Since the developers from the three countries in this study are naturally 
independent (see Chapter 4), this issue might have had a limited impact on the observed 
behavioural patterns. Potts (1993) indicated that substantive issues discussed on mass 
platforms are expected to be similar across contexts. However, case study findings cannot 
be generalisable to the entire population (Potts, 1993; Runeson & Höst, 2009; Wikfeldt, 
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2016). Therefore, this research looks to future work to ensure that findings from this work 
can be applied to a comparably large-scale population of SE processes. 
Along these same lines, another potential limitation of the study is the conflation of 
country with culture and the appropriateness (or lack thereof) of using Hofstede’s cultural 
framework, which was developed based on studies of business managers as opposed to 
software developers. The present study clearly recognises that any given individual may 
or may not reflect the overall aggregate culture of their country. At the individual level, 
there are multiple determinants of or influences on culture, such as the different groups 
to which a person belongs. These groups may be ethnic, familial, structural, 
organisational, and so on (Beugelsdijk et al., 2017; Desmet, Ortuño-Ortín & Wacziarg, 
2017; Fischer, et al., 2010; Hofstede, 2001; Kets de Vries & Miller, 1986; Murry, Smith 
& Hill, 2001; Nagel, 1994). A main point of the study, however, is to look at large 
amounts of data in order to identify the broader patterns that emerge despite individual 
variation on the assumption that, as a whole, such trends in the data may supplant 
individual differences. 
While Hofstede’s framework was not developed by studying software developers in 
particular, it has a long history of use in cultural studies (Kirkman et al., 2006; Taras, 
Kirkman & Steel, 2010; Yoo, Donthu & Lenartowicz, 2011; Zhou & Kwon, 2020) and 
has also been the framework of choice in similar previous studies (Gaspay, Dardan & 
Legoretta, 2008). Future studies should consider alternative frameworks or models for 
the study of culture’s influence on the behaviour of software developers in order to more 
fully assess the appropriateness of Hofstede’s framework for this type of research. 
Reliability refers to the ability of other scholars to replicate research by employing the 
same research methods and design (Runeson & Höst, 2009). Therefore, the use of 
standard methods and techniques are usually employed to increase the reliability of the 
research (Layman et al., 2006; Stol et al., 2016). For this study, the frequency-based and 
statistical approaches were used to study developers’ orientation across several cultures 
(i.e., countries) similar to the approaches taken by previous studies (De Laat et al., 2007; 
Hanslo et al., 2019; Wasserman & Faust, 1994). Furthermore, this work utilised the 
LIWC application to assess developers’ attitudes similar to how it has been used in prior 
research, and those studies were considered to have high validity and reliability (Calefato 
et al., 2019; Greinert, 2019; Li & Chignell, 2010; Licorish & MacDonell, 2013c; 
Mairesse et al., 2007; Pennebaker et al., 2001; Tausczik & Pennebaker, 2010; Yee et al., 
2011). Notwithstanding the fact that the LIWC lexicon identified 62% of the words 
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utilised by Stack Overflow developers, the ability of LIWC to capture terms used in an 
SE context is an open question that requires further examination (Iyer, 2019; Murgia et 
al., 2018; Rigby & Hassan, 2007). When we checked for language that could not be 
categorised, we discovered that the LIWC application had neglected words relating to 
extreme functional software language (e.g., API, XML, Debug, Pandas, 
ClassCastException). Capturing such words was not the primary goal of this research—
the main goal was to capture evidence of the attitudes captured by the tool (Calefato et 
al., 2019; Licorish & MacDonell, 2012; Rastogi, Nagappan, & Jalote, 2017). 
One potential statistical methods limitation in this study is whether or not the work 
properly accounted for effect sizes in the samples analysed. A number of tests used in 
this study include mechanisms to account for the check of effect sizes. In employing the 
Levene test, for example, using the same unit of observation ensured comparability 
across samples because the effect size is equivalent to the unit of measure (Baguley, 
2009; Chen, Wang & Kromrey, 2018; Preacher & Kelley, 2011). When employing the 
Kruskal-Wallis, the mean rank comparisons between countries is essentially the effect 
size comparison (Gleason, 2013; Mangiafico, 2016a; Wilson & Sherrell, 1993). 
However, future research should endeavour to be more precise in the handling of effect 
sizes by employing specific methods such as standardised mean differences, odds ratios, 
and correlation coefficients (Johnston et al. 2004; Rosenthal, 1984; Salkind, 2011). 
Another potential limitation is whether the three samples explored in this study have 
been proven to be sufficiently independent of each other. The Levene test was employed 
as a complementary test of the independence of the samples in addition to the Kruskal-
Wallis test and the pair-wise Mann Whitney test. Checks were also done using the 
Brown-Forsythe test, which is a more robust variation of the Levene test (Brown & 
Forsythe, 1974; Mangiafico, 2016b), and similar results were returned. For example, the 
about me length orientation in the Levene test result was 2982.29 and was 2097.73 in the 
Brown-Forsythe test. The p-value for the same orientation in both tests indicated a less 
than 1% significance level. Likewise, the p-values for the other orientations in both tests 
were all less than 1%. Accordingly, the null hypothesis was rejected for both the Levene 
test and the Brown-Forsythe test, indicating the eleven orientations had unequal 
variances across the three samples and leading to the conclusion that the three samples 
were independent. The advantages of employing the Brown-Forsythe test are that it does 
not assume normal distribution of the populations studied and is also well-known for its 
sensitivity to unequal sample sizes, making it especially well-suited to test the non-
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homogeneity and independence of the three country samples. Notwithstanding that there 
was little difference in outcomes for our analyses between the Levene and Brown-
Forsythe tests, future studies may investigate these tests for their precision when 
comparing cultural data from different samples. 
Furthermore, triangulating the findings from this stage using a more in-depth directed 
content analysis technique significantly reduced the risks to validity and reliability 
(Runeson & Höst, 2009). The content analysis for this study required the researcher to 
evaluate textual information that might be considered subjective, which can naturally 
raise questions concerning reliability and validity. Thus, multiple procedures were used 
to minimise these concerns. First, the coding protocol selected in this research to study 
interaction and knowledge sharing in software developers’ was adopted from previous 
work that employed and tested this exact protocol for reliability and validity (Licorish, 
2013, pp. 94-99), so our selection was based on robust theoretical evidence. Second, the 
precision of this coding protocol was tested through a pilot session where an excellent 
inter-rater agreement was recorded from the inter-rater evaluation (Bengtsson, 2016; 
Hsieh & Shannon, 2005; Schilling, 2017; Selvi, 2019; Vaismoradi, Jones, Turunen, & 
Snelgrove, 2016). The authors Runeson and Höst (2009) indicated that corresponding 
actions could adequately address the reliability of a case study. Although there may be 
additional threats linked to the outcomes of this research, considerable efforts were 
undertaken to address methodological issues and strengthen the robustness of the 
revealed findings. 
6.4 Research implications 
Results of this study present implications for the SE field and future research. Section 
6.4.1 discusses the implications of the current findings, and section 6.4.2 presents 
suggestions for future SE work and recommendations for those considering examining 
software development artefacts and developers’ history registries. 
6.4.1 Software development management 
Evidence from this study reveals that software developers from countries that rated 
highly on Hofstede’s individualism dimension were considered to be task- and 
achievement-focused and also to favour direct communication through instructions and 
asking and responding to questions. Conversely, developers who scored lower on 
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Hofstede’s individualism dimension were considered to be collectivistic members who 
favour indirect means of communication such as comments and discussion to present 
ideas and positively engage other community members through discussions and 
recommendations. Given the patterns in orientations and developers’ attitudes from this 
study, project managers in the software development field should consider the cultural 
factor carefully when making production plans and forming development groups. Also, 
they should not be alarmed if they note a particular ethnicity or cultural group is 
dominating an aspect of development. They should rather recognise that each individual 
is adding value to the development processes in one form or another, and each member 
plays a significant role in the cohesion of the group. Project managers should also 
encourage group members to be flexible and adjust to positions other than their natural 
roles; so members from an individualistic culture who are seen as leaders should be 
encouraged to engage with others through discussions and problem-solving activities 
while members from a collectivist culture should be provided sufficient support from 
managers to take on leadership roles. This approach acts as a failsafe mechanism by 
reducing the danger inflicted by the loss of a group member and their project knowledge, 
which can have a devastating impact on overall group performance. Also, managers 
should be watchful for situations where collectivist developers are reluctant to take 
leadership position duties and provide appropriate mentorship and encouragement. 
The offering of praise may be an excellent gesture from those in leadership roles to 
those who hold regular roles, in order to boost their esteem in the group and indicate that 
higher management is recognising how their participation will ultimately enhance the 
performance of their entire development community. Also, since collectivist developers 
are considered primarily to be communicators, managers should encourage them to be 
more achievement-driven, just like their community leaders. This trait, if developed, can 
eventually propagate to the entire development environment and may improve group 
performance. Negative attitudes in a software development environment need to be 
discouraged; sometimes, negative attitudes are expressed by development leaders due to 
production issues and frustration at not being able to achieve deadlines or meet standards. 
However, expressing negative sentiment may propagate to other members and exacerbate 
the group climate, which may affect overall community performance. Supporting social 
and positive attitudes is an excellent approach to enhance group and community 
performance. The findings from this study that developers from some cultures are highly 
task-focused while others are positive, social, and discussion-focused might not sound 
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like an ideal group atmosphere. However, both types of individuals are equally essential, 
and managers are encouraged to acquire both types of members in software development 
projects as noted by Tjosvold, Law, and Sun (2003) . 
In terms of interaction and knowledge sharing behaviour patterns, collectivist 
developers displayed higher insight levels during their communications, which might 
profit junior community members or members coming from individualistic cultures. 
Thus, it might be a reasonable decision for project administrators to develop policies 
directed at promoting the involvement of less engaged developers by pairing them up 
with developers from a collectivistic culture. This strategy may assist inexperienced 
community members to attain knowledge and mentorship. Developers from 
individualistic cultures tend to be task-focused, and also to display negative emotions in 
their communications. The expression of negative emotions may be attributed to overall 
disappointment with the faulty communication between community members, or because 
members were unable to describe their problem adequately or provide a satisfactory 
solution. Thus, the cause of negative emotions should provide recommendations for 
precise communications between members, especially when the diversity of the group or 
community is high. In this study, we found that developers from collectivistic cultures 
presented higher ratings in information exchange throughout their communication. 
Consequently, strategies need to be established to encourage communication between 
developers from individualistic cultures and skilled collectivist communicators so that 
working knowledge is maintained when one of them is unavailable for some reason. 
Project administrators should also be wary of individuals who are too task-focused and 
encourage them to improve their communication skills, especially those who provide 
instructions regarding software tasks since these individuals often serve as central figures 
in software development (André et al., 2011). Project administrators should also be wary 
of the possibility of excessive dependence on these members by the rest of the Stack 
Overflow community, which might exhaust and affect them in a negative way. 
6.4.2 Implications for future SE work 
Software data repositories contain valuable information regarding developers’ 
communications during software development processes. This study utilised repository 
archival data to analyse the orientation, attitude, and interaction and knowledge sharing 
patterns of developers from different cultures. The results indicated that developers from 
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a collectivistic culture have high communication abilities enabling them to produce a 
dense communication network. The findings suggest that the presence of collectivistic 
developers is crucial in the software development environment to reduce the risks 
associated with knowledge impairment if members leave the development community. 
The same individuals with high communication abilities also maintain a positive 
atmosphere in the development environment. However, there exists doubt about the drive 
of these developers (Graziotin et al., 2018; Hope, 2016; Kline & Peters, 1991). Although 
past work has investigated this matter (Chang et al., 2013; Curseu & Fodor, 2016; Lee & 
Xia, 2005; Yaseen, Ali, & Rahman, 2019), there is still a need for future face-to-face 
research to precisely examine collectivistic developers’ incentives. Thus, future research 
that combines interviews with repository data might provide further insights into the 
causes behind such patterns.  
Lastly, findings in this research revealed that developers from individualistic cultures 
were highly self-focused and used more work and achievement-related language. These 
outcomes provide evidence for the connection between individual orientation and 
attitude, as discussed in social incentive theories that suggest how the increase in a 
particular behavioural pattern encourages another performance pattern (Denning, 2013; 
Geen, 1991; Graziotin, 2016; Kremer, Villamor, & Aguinis, 2019; Levin & Cross, 2004). 
Still, the outcomes of this research were not absolute, so this question requires further 
research.  
This study succeeded in overcoming the shortcomings of relying solely on one 
methodological approach by using both quantitative and qualitative methods. The 
employment of in-depth analysis methods reveals that examining software developers’ 
behaviours throughout their language use improves our understanding of SE developers 
and their communities. Thus, scholars should be encouraged to perform both quantitative 
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